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Abstract
Background: Complications of ultrasound-guided regional anesthesia (UGRA) in the clinical
setting are severe and frequently related to improper needle tip placement, which is a challenging
skill for novice student learners. Accordingly, anesthesia education programs are incorporating
simulation-based teaching methods that use expensive procedural task trainers to aid in UGRA
training. However, it was unknown if the task trainers with real-time computerized needle tip
location feedback affect student anxiety and immediate simulated UGRA performance, leaving
educators wondering if the cost was justified.
Aims: The purpose of the study was to examine the effects of real-time computerized needle tip
location feedback on students’ state anxiety and immediate task performance during a simulated
UGRA training lab.
Methods: An experimental design with repeated measures was used to assess the effects of realtime computerized needle tip location feedback on the anxiety and performance of student nurse
anesthetists during a simulated UGRA training. After completing the Vandenberg and Kuse
Mental Rotation Test (MRT-A) to assess visuospatial ability, subjects were randomly assigned to
one of two groups: an experimental group (n =15) receiving standard UGRA training with realtime computerized needle tip feedback intervention using the Simulab© Regional Anesthesia
Trainer with SmarTissue or a control group (n =14) receiving standard UGRA training using
the Simulab© Regional Anesthesia Trainer with SmarTissue. A post performance assessment
for both groups was conducted by UGRA experts using the assessment checklist (AC) and global
rating score (GRS) measurement tools. Repeated measures using the State-Trait Anxiety
Inventory (STAI) Form Y measured state and trait anxiety at time 1 (T1) and state anxiety at
times 1, 2, and 3 (T1, T2, and T3).
iii

Results: Statistical analysis included independent samples t-test, mixed regression model,
multivariate multiple regression, Pearson’s correlation, and structural equation modeling, all
using a significance level of alpha .05. Based on the current cohort data analysis, using
computerized needle tip feedback during a UGRA training lab did not show a significant effect
on changes in student state anxiety scores when compared with the control group over time (p =
.555). The state anxiety scores of students in both groups increased similarly at T2 and T3 when
compared to T1. No significant differences were found in the immediate performance outcome
measures between the experimental and control group when including and controlling for
covariates (p = .178). Even though the path analysis showed a significant relationship between
ground and STAI Y1 at T2 (p = .008) and AC score (p = .023), STAI Y1 at T2 showed no
significant relationship between and the outcome measure scores in the AC (p = .356) and GRS
(p = .332). Therefore, STAI Y1 was not identified as a mediator between the group membership
and the outcome measures.
Discussion: Despite the innovative technology, real-time computerized needle tip feedback did
not result in improvement in state anxiety or performance in the current study and may not be
cost-effective for training. Students’ unfamiliarity with the Simulab© Regional Anesthesia
Trainer with SmarTissue may have resulted in technostress, manifested by significantly higher
state anxiety in the experimental group compared to the control group at T2 and T3. The higher
anxiety scores may have negatively affected student performance; therefore, teaching strategies
should include student preparation for any new technology. The AC and GRS tools were found
to be reliable UGRA performance measures and their continued use is supported.
Conclusions: Overall, the intervention did not show a significant effect on changes in student
state anxiety or performance outcome scores.
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Chapter 1: Introduction
Introduction
The most effective way to ensure the optimal deposition of local anesthesia around
nerves during peripheral regional anesthesia is under ultrasound guidance (Sultan et al., 2012).
Ultrasonography provides a real-time visual aid for the placement of a needle tip to accurately
deliver local anesthesia relative to nerves and adjacent anatomy (Johnson et al., 2017). However,
accurate and consistent visualization of the needle tip with ultrasound guidance can be
challenging to achieve for novice student learners (Chin et al., 2008).
Background and Significance
Ultrasound-guided regional anesthesia (UGRA) requires the nurse anesthesia student to
coordinate complex hand-eye movements utilizing innate visuospatial ability (VA; Kim et al.,
2014). VA is the ability to manipulate visual and spatial relationships between two- and threedimensional objects (Clem et al., 2013). Using VA, students guide a three-dimensional needle tip
aligned with an ultrasound probe to a two-dimensional image of a cross-sectional anatomical
target (Barrington et al., 2012). A novice learner's inability to maintain needle tip
visualization during UGRA can lead to unsafe needle advances during the procedure and result
in patient injury (Sites et al., 2007). Consequently, concern about patient injury has changed
anesthesia training practices for UGRA from the clinical setting to the simulation lab (Kim &
Tsui, 2019).
Simulation-based experiential learning methods during the initial UGRA training period
allow for repetitive hands-on practice to improve skills without the risk of harming patients
(Udani et al., 2015). UGRA skills and knowledge can improve with such learning methods
because they are transferrable from the lab to the clinical setting (Chen et al., 2017). However,
1

since the primary concern during UGRA training with real patients is injury from the needle
during the procedure, it was crucial to investigate teaching methods using real-time
computerized needle tip location feedback to minimize this risk.
Feedback
Feedback influences student learning during the training process (Bould et al., 2009).
Traditionally, needle tip location feedback during UGRA training consisted of observational
feedback provided by clinical experts. However, this feedback is often unreliable, inconsistent,
and lacks performance benchmarks (Cheung et al., 2012). Additionally, observational feedback
is both subjective and objective and focuses on the behaviors that will lead to the success or
failure of the needle tip proximity to the intended target (Sultan et al., 2012).
Moreover, observational feedback may be perceived by the learner as directed towards
themself, which can impair performance and negate “reflection, absorption, and retention of
knowledge” (Minehart et al., 2014, p. 160). In simulated learning activities, feedback that is
perceived to be focused on the students’ themselves causes anxiety (Nielson & Harder, 2013),
and has been described as “an unpleasant inner emotional state characterized by feelings of fear,
apprehension, uncertainty from the anticipation of a threatening event or situation” (McKay et
al., 2010, p. 302). Novice learners with high levels of state anxiety perform simulated learning
activities poorly in comparison to those with low levels of state anxiety (Al-Ghareeb et al., 2019;
McKay et al., 2010). Because state anxiety is transient and is affected by present feelings and
occurrences at the moment (Spielberger et al., 1983), a student’s state anxiety may be affected by
misperceived observational faculty feedback and negatively affect simulated UGRA learning.
Feedback that is direct and timely is one of the strongest predictors to improve student
learning and performance (Archer, 2010). UGRA skills can be taught and improved in simulated

2

experiential learning environments with task trainers (Liu et al., 2013). Task trainers are devices
that help learners develop and practice specific skills. However, it has yet to be determined
if task trainers, which provide real-time computerized needle tip location feedback, affect student
state anxiety by standardizing objective performance feedback, thereby eliminating subjective or
negatively perceived faculty feedback and enhancing student performance of UGRA in
simulation-based learning environments.
Statement of the Problem
Complications of UGRA in the clinical setting are severe and include failed regional
anesthetic and inadvertent vascular, visceral, or nerve injury (Chin et al., 2008; Sermeus et al.,
2017). Since these complications are related to improper needle tip placement, anesthesia
education programs are incorporating simulation-based teaching methods that use expensive
procedural task trainers to aid in the simultaneous hand-eye coordination of interpreting real-time
two-dimensional ultrasound images while manipulating a needle toward a three-dimensional
anatomical target (O'Sullivan et al., 2011). However, it was unknown if the task trainers with
real-time computerized needle tip location feedback affect student anxiety and immediate
simulated UGRA performance, leaving educators wondering if the cost was justified.
Purpose of the Study
The purpose of this study was to examine the effects of real-time computerized needle tip
location feedback on students’ state anxiety and immediate task performance during a simulated
UGRA training lab. Ultimately, the findings can be used to enhance teaching and learning in
simulated UGRA training.
Research Questions
The following three research questions guided the study:
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Research Question 1: Will students' state anxiety decrease after receiving real-time
computerized needle tip location feedback during a simulated UGRA training lab?
Research Question 2: Will students’ immediate performance of a simulated
UGRA differ between the experimental group, who received real-time computerized needle tip
location feedback during a simulated UGRA training lab, compared with the control group?
Research Question 3: Do the student anxiety scores (State-Trait Anxiety Inventory [STAI
Y1]) at T2 mediate the effect of the intervention on performance scores (assessment checklist
[AC] and global rating score [GRS]) when controlling for VA?
Definitions
By defining the variables in the study conceptually and operationally, the researcher was
able to provide the meanings and measures of concepts within the study (Gray et al., 2016).
Conceptual definitions establish a clear and common understanding of the concepts the
researcher was studying, whereas operational definitions provide the method of measurement for
the study (Gray et al., 2016). Operational definitions are presented in the methodology section of
this dissertation. The conceptual definitions used in this dissertation study are listed below.
Anxiety was defined conceptually by McKay and colleagues (2010) as “an unpleasant
inner emotional state characterized by feelings of fear, apprehension, uncertainty from
the anticipation of a threatening event or situation” (p. 302).
Feedback was defined conceptually in clinical education as “information that a system
uses to make adjustments to reach a target or goal” (Ende, 1983, p. 777).
Performance was defined conceptually by the Oxford English Dictionary (n.d.) as “the
quality of execution of such an action, operation, or process; the competence or
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effectiveness of a person in performing an action; specifically, the capabilities,
productivity, or success of a person when measured against a standard.”
Visuospatial ability was an individual’s capacity to identify and manipulate visual and
spatial relationships between two- and three-dimensional objects (Clem et al., 2013).
Chapter Summary
Ultrasonography provides a real-time needle tip visual aid to accurately deliver local
anesthesia to an anatomical target during UGRA (Johnson et al., 2017). Needle tip visualization
is possible during UGRA when the ultrasound waves from the probe are in alignment with the
needle tip and reflect back to the probe. The reflections of the ultrasound waves received by the
probe generate two-dimension visualization of the needle tip on a display. During UGRA, it is
challenging to manipulate visual and spatial relationships between two-dimensional images and
three-dimensional objects while aligning the needle tip with the probe to maintain visualization.
Losing visualization of the needle tip during UGRA can result in patient injury. Due to the
potential for patient harm, initial UGRA training has shifted to simulation-based experiential
learning activities.
The improvement of simulation-based UGRA experiential learning methods allows
students to repetitively practice and improve skills without the risk of harming patients (Udani et
al., 2015). To close the performance gap during UGRA training, faculty provide students with
observational feedback on needle tip location. However, misperceived faculty feedback may
affect students’ state anxiety, which may influence UGRA performance (Shafqat et al., 2015).
Real-time computerized needle tip location feedback is objective, direct, and timely—all strong
predictors of student learning and performance (Archer, 2010). Thus, examining the effects of
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real-time computerized needle tip location feedback on student state anxiety and immediate
UGRA performance may positively affect UGRA teaching and learning.
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Chapter 2: Review of the Literature
Introduction
Chapter 2 offers a review of relevant research studies and theoretical and conceptual
frameworks that guided the study. A search of the literature was completed using the Cumulative
Index to Nursing and Allied Health Literature (CINAHL), Education Resources Information
Center (ERIC), PubMed, PsycINFO, Science Direct, Web of Science, Scopus, and Google
Scholar. Key search terms used for the literature review included “anesthesia,” “anxiety,”
“assessment,” “checklists,” “education,” “performance,” “regional,” “simulation,” “student,”
“ultrasound,” and “feedback.”
Feedback
Feedback is an essential tool that helps to eliminate task performance gaps (Nicol &
Macfarlane-Dick, 2006). Feedback that is specific, objective, direct, and timely are strong
predictors for improvement in student learning and performance (Minehart et al., 2014).
Feedback during UGRA training can be subdivided into subjective and objective feedback.
Observational feedback may be both subjective and objective and is given to the students either
verbally or by utilizing standardized reliable and valid performance tools. Objective feedback
can be further subdivided into visual needle feedback and feedback derived from the interaction
of the needle tip with the intended target.
Traditionally, instructors give students feedback regarding what is correct and incorrect
in their work. The feedback focuses on the strengths and weaknesses of a student's work.
Theoretically, the student uses the feedback to make improvements in their work and close or
eliminate a performance gap (Nicol & Macfarlane-Dick, 2006). However, feedback can also
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widen the performance gap depending on the type of feedback and whether it is positive or
negative (Kluger & DeNisi, 1996).
Observational feedback during UGRA training is interpreted by the student as internal
and external feedback based on their skill to perform the task (Slater et al., 2014). Internal
feedback during UGRA is derived from a student’s mental comparison of their performance
versus the ideal performance of a task (Slater et al., 2014). The comparison ultimately helps the
student decide if their actions should be changed or continued to support UGRA performance
(Nicol & Macfarlane-Dick, 2006; Slater et al., 2014). External feedback is derived from an
external source, such as an instructor, and provides information to support or reject the changes
or continued actions taken by the student to perform UGRA (Slater et al., 2014). Importantly,
external feedback has been demonstrated to affect the learner’s feelings about themselves
(internally), which influences what and how they learn (Nicol & Macfarlane-Dick,
2006). Therefore, external feedback was the theoretical focus of this review along with
explication of a variety of external feedback types culminating in a description of the
intervention in this study: real-time computerized needle tip location feedback from the
Simulab© Regional Anesthesia Trainer with SmarTissue (see Intervention: Appendix F).
In the past, external feedback during UGRA training was delivered to learners by an
anesthesia provider with procedural expertise. The feedback was typically observational,
subjective, and not based on any established norms, criteria, or standards (Naik et al., 2007).
However, the assessment of procedural technical skills by observation not based on any criteria
lacks test-retest reliability and interobserver reliability (Reznick, 1993). The inconsistency from
observational feedback may be perceived by the learner as a threat to self, cause anxiety, and
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impair UGRA performance (Kluger & DeNisi, 1996; Molloy & Boud, 2014; Shafqat et al.,
2015).
The need to provide more objective feedback and improve UGRA skills led to the
development of UGRA assessment tools (Naik et al., 2007). The inspiration for early assessment
tools came from objective structured clinical evaluation checklists but evolved into task-specific
checklists (TSC) of technical skills that comprise UGRA (Bould et al., 2009). Accordingly,
novice learners receiving feedback via TSC would know whether they performed the skills on
the checklist. The TSC was intended to “turn examiners into observers of skill rather than
interpreters of performance” (Naik et al., 2007, p. 44). Even though TSC provided more
structured and specific objective feedback in UGRA training and continues as a standard in
teaching, the checklists could not assess or provide feedback on the quality of the performance.
The quality of UGRA performance can be assessed using feedback from the GRS.
The GRS assesses aspects of the UGRA to provide more qualitative performance
feedback (Bould et al., 2009). GRS assessments are scored on a Likert-style scale with
gradations ranging from poor to superior (Naik et al., 2007). Ultimately, one of the drawbacks of
GRS is that the feedback provided can be subjective and inconsistent (Bould et al., 2009). To
address the need for objective and qualitative feedback to evaluate UGRA performance,
researchers began evaluating the use of both the TSC and the GRS to assess UGRA
performance (Naik et al., 2007).
Standard teaching tools for UGRA (i.e., TSC and GRS) provide objective and qualitative
feedback to improve the performance of novice learners. The TSC and GRS were refined and the
AC and GRS for UGRA were developed after many iterations of the Delphi method (Cheung et
al., 2012). Numerous research studies haven proven the validity and reliability of the AC and
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GRS as UGRA performance measure tools (Chuan et al., 2015; Naik et al., 2007; Shafqat et al.,
2018; Wong et al., 2014) and they have been shown to differentiate UGRA performance skills
between novices and experts in clinical and simulated settings (Burckett-St Laurent et al.,
2014; Kim & Tsui, 2019; Shafqat et al., 2018). However, the AC and GRS do not provide the
focused, objective task-specific feedback to close the performance gap and support
procedural safety. Of particular importance, the AC and GRS do not provide immediate needle
tip feedback in real-time to address one of the fundamental challenges that novices encounter
during UGRA training: “Where is my needle tip?”
The most critical aspect of UGRA is the visualization of the needle tip to prevent injuries
to patients and to place the anesthesia successfully. Novice learners have consistently struggled
with accurate and consistent visibility of the needle tip during UGRA training (Chin et al., 2008).
Efforts to provide more objective needle tip feedback have resulted in methods to improve
needle tip visibility and feedback from the needle tip’s interaction with the intended target.
Visual Needle Tip Feedback
Efforts to improve needle tip feedback and UGRA performance are multifarious. The
first UGRA needles developed for clinical use lacked echogenicity (i.e., how matter interacts
with ultrasound waves). Matter can either allow ultrasound waves to pass through (poor
echogenicity) or will reflect the waves (echogenic). The material in the first UGRA needles was
poorly echogenic, resulting in poor visual feedback from the needle to the ultrasound machine.
Ultrasound waves did not reflect off the needle and, therefore, the needle and tip could not be
seen well on the ultrasound screen. While investigating how to improve needle tip visualization,
researchers found the turbulent flow created by injecting small amounts of local anesthesia was
echogenic (Bloc et al., 2010). Further, the feedback of the turbulent flow of the local anesthetic
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out of the needle tip allowed the learner to approximate the location of the needle tip to the
intended anatomical target. However, a critical limitation of this technique is that providers can
only approximate the needle tip while injecting local anesthesia into the anatomical space (Bloc
et al., 2010). As the anatomical space fills with local anesthesia to continuously see the tip of the
needle, the image of the anatomical target on the ultrasound screen becomes obscured. The
needle tip location feedback is immediate but dependent on continuous injection of local
anesthesia, which is impractical for a novice UGRA learner and may result in inadvertent
intravascular injection. Rather than rely indirectly on local anesthesia injectate for feedback to
approximate needle tip location, needles were reformulated to make them more echogenic and
improve UGRA performance.
Echogenic needles by Pajunk® were reformulated with materials to make the needle tip
more visible with ultrasound to improve UGRA performance. Notably, these needles were
identified as more echogenic and visible by the proceduralist under ultrasound in a study by
Hebard and Hocking (2011). In a follow-up study, Pajunk® needles with increased echogenicity
shortened UGRA placement time by novices but did not increase needle tip visibility (Kilicaslan
et al., 2014). While the echogenic needle by Pajunk® was more visible on ultrasound and
shortened novice UGRA procedural time, increased echogenicity did not provide consistent realtime objective needle tip location feedback. Even if the needle is more visible under ultrasound,
the novice learner must align the ultrasound probe with the needle to see the tip in relation to the
target under ultrasound. To overcome the challenges of aligning the ultrasound probe with the
needle, computer-augmented needle guidance systems were developed to provide real-time
objective needle tip trajectory feedback and improve novice UGRA learning and performance.
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One such system, the SonixGPS™, uses computerized feedback to predict the needle
trajectory during UGRA to improve performance regardless of provider technique (Tielens et al.,
2014). Instead of aligning the ultrasound probe with the needle, providers using the SonixGPS™
optimize the ultrasound image and use the computerized predictive needle trajectory feedback
technology to guide the needle to the intended target. This allows the user to see the anticipated
path of the needle in real-time before advancing regardless of UGRA technique (McVicar et al.,
2015).
The needle guidance system improved some aspects of novice UGRA performance; for
example, the augmented predictive needle trajectory feedback decreased UGRA placement time
and the number of needle adjustments and passes when performed by a novice (Tielens et al.,
2014). When supervising novices using the SonixGPS™, faculty intervened less due to needle
advances without needle tip visualization (McVicar et al., 2015; Tielens et al., 2014).
Nevertheless, the system did not improve novice UGRA execution time or needle tip visibility
(Tielens et al., 2014). Needle tip visibility was better for novices using the traditional ultrasound
than the SonixGPS™ (Tielens et al., 2014). Regardless of advances in technology, the most
critical element during UGRA performance remains the visualization of the needle tip.
To solve this problem and improve novice UGRA performance, magnetically guided
ultrasound (MGU) systems were developed. MGU systems have magnetic sensing capability in
addition to the traditional features of an ultrasound probe and use specially designed echogenic
needles with magnetic properties (Swenson et al., 2016). The magnetically sensitive needle
provides enhanced real-time computerized needle tip feedback and needle trajectory independent
of alignment with the ultrasound probe (Swenson et al., 2016).
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MGU systems have been shown to improve needle trajectory and tip position of
inexperienced providers (Swenson et al., 2016). Using MGU has been shown to improve
simulated UGRA performance by reducing the time and number of needle advances during
training (Kim et al., 2016). Needle tip placement is more accurate in MGU than traditional
training methods (Johnson et al., 2017). However, although real-time computerized needle and
tip feedback from the MGU improves UGRA novice performance, some limitations exist
(Johnson et al., 2017; Kim et al., 2016; Swenson et al., 2016). For instance, the accuracy of
needle tip location feedback using MGU diminishes when the needle is bent due to
misinterpretation of data distributed by the needle (Swenson et al., 2016; Johnson et al., 2017).
Such misinterpretation can result in the needle tip missing the intended target by up to 80
millimeters, which can result in serious patient injury (Johnson et al., 2017). Seeking solutions to
challenges with real-time needle tip visual feedback led to the development of systems that
provide specific real-time feedback from the interaction of the needle tip with the intended
target. to improve novice UGRA performance.
Needle Tip Target Feedback
Visualization of the needle tip with an appropriate distance to an anatomical target is the
ultimate goal of UGRA training. Administering medication from a needle tip that is too far from
the intended target will not provide the intended anesthesia or pain relief for a patient after a
procedure. Alternatively, if the needle tip is too close or pierces the intended target, the patient
may be injured or suffer a complication from the UGRA.
Using a previously developed low fidelity simulator (Eastwood & Moore, 2010), Moore
and colleagues (2012) embedded a copper wire inside a round nonopaque gelatin medium
attached to a circuit connected to a visible light bulb, which illuminated when a ultrasound-
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guided needle came in contact with the copper wire. Their goal was to improve UGRA
proficiency over time by having their trainees complete the circuit via UG needle contact with
the copper wire. Investigators gave each trainee 10 attempts (passes) to hit the target with the
needle. The accuracy of the needle passes was computed as a percentage of needle passes that
contacted the wire. The result of dividing accuracy by time to complete exercise determined the
efficiency of the needle passes.
The trainees repeated the same task 6 and 12 months later. Task accuracy and efficiency
improved for all trainees (Moore et al., 2012). After completing the task, each trainee was
provided with feedback about the interaction of the needle tip as a function of accuracy and
efficiency. During the study, no real-time needle location feedback, task-specific objective, nor
qualitative UGRA feedback using tools available from previous research was provided. The low
fidelity simulator was not anatomically correct and there were no controls to the UG needle
approach to the copper wire during the study. However, UGRA performance skills improved
over time with successful needle tip contact despite the lack of anatomical fidelity of the
simulator (Moore et al., 2012).
Lerman and colleagues (2014) developed the first high-fidelity anatomically correct
femoral nerve block trainer using a commercially prepared nonopaque gelatin insert embedded
with a wire placed into a mannequin's femoral crease. The wire was attached to a piezoelectric
buzzer and an LED light. Depending on the settings, when a needle came into contact with the
wire, a LED light illuminated, the piezoelectric buzzer made a sound, or nothing happened.
Participants groups received four types of feedback, an illuminated LED, an active buzzer, voice
feedback from the investigator, or no feedback when contacting the simulated femoral nerve with
a needle. The only group to improve needle visualization was participants receiving LED
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and piezoelectric buzzer feedback (Lerman et al., 2014). However, study limitations may have
affected these findings. For instance, the researchers were unable to randomize group
participants because of the laborious rewiring of the block trainer. Moreover, the study block
trainer lacked critical vascular structures adjacent to the femoral nerve, which can decrease the
fidelity of the training experience, and needle location feedback was limited to successful
placement of the needle on the intended target (Lerman et al., 2014).
Currently, only one UGRA trainer exists on the market that delivers real-time needle tip
feedback from the interaction of the needle tip with the intended target. Simulab© developed a
high-fidelity regional anesthesia trainer with SmarTissue that incorporates all the aspects of an
anatomically correct brachial plexus with objective real-time computerized needle tip feedback
derived from interactions with critical anatomical structures encountered during an interscalene
nerve block. The Simulab© Regional Anesthesia Trainer with SmarTissue is a feature-rich,
high-fidelity, UGRA trainer widely used in nurse anesthesia education to improve novice UGRA
learning and performance despite the lack of evidence to justify use (see Intervention: Appendix
F).
Although the fidelity of nerve block trainers and needle feedback has improved over
time, gaps in the literature remain regarding the effects of real-time computerized needle tip
location feedback. This gap limits immediate feedback and affects performance by the novice
student of a simulated nerve block following a UGRA simulation training lab. Additionally, a
dearth of literature exists evaluating the effect of real-time computerized needle tip feedback
from Simulab© Regional Anesthesia Trainer with SmarTissue on the emotional state of
learners (i.e., state anxiety), and it is unknown if state anxiety affects performance during
simulated UGRA training.
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Theoretical Framework and Conceptual Model
Feedback intervention (FIT) and attentional control (ACT) theories were the theoretical
underpinnings that guided the study. In FIT, the student’s perception (attention) of the feedback
affects their focus and task performance (Kluger & DeNisi, 1996). Objective, focused, and taskspecific student feedback keeps their attention on the task and supports efforts to improve
performance (Kluger & DeNisi, 1996). Student feedback that is subjective and not task-specific
shifts the focus towards self (Kluger & DeNisi, 1996). Turning attention towards self and away
from the task triggers anxiety, which overwhelms cognitive capacity and impairs task
performance (Mikulincer et al., 1989).
ACT explores the relationship between anxiety and task performance. State
anxiety mainly affects the central executive brain function, including attention control and
working memory (Eysenck et al., 2007). Attention control is responsible for an individual's
ability to concentrate on tasks (Astle & Scerif, 2008), whereas working memory is vital in
reasoning and decision-making behaviors (Diamond, 2013). As state anxiety increases,
attentional control and working memory decrease, causing an inability to concentrate, reason, or
make decisions during a task (Eysenck et al., 2007). Conceptually, objective task-specific
feedback supports focus on the task, which stabilizes or may decrease anxiety and allows
students to reason and make decisions that support task performance.
The axioms and propositions outlined below describe the relationship between the
theoretical concepts (See Appendix D: Theoretical Framework and Conceptual Model;
Reynolds, 1971).
Axioms:
A1: If specific feedback, then increased focus.
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A2: If increased focus, then decreased anxiety.
A3: If decreased anxiety, then improved performance.
Propositions:
P1: Therefore, if specific feedback, then decreased anxiety.
P2: Therefore, if specific feedback, then improved performance.
If specific feedback --> + focus --> - anxiety--> + performance.
Chapter Summary
To narrow the performance gap during UGRA training, students rely on feedback. The
preceding studies show the effects of observational, subjective, and objective needle tip feedback
on UGRA learning and performance. After reviewing the literature, being guided by FIT and
ACT, and considering the research questions, the study focused on examining the effects of realtime computerized needle tip location feedback on student state anxiety and immediate UGRA
performance.
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Chapter 3: Methods
Introduction
Chapter 3 provides an overview of the methodology for the study, including sections on
the design, data collection, and data analysis. The design section includes information on sample
and setting, inclusion and exclusion criteria, and sample size. The data collection section
provides an overview of data collection protocols, protection of human subjects, variables,
measures, and instruments. The data analysis section presents the research questions, hypotheses,
and related statistical tests used for data analysis.
Design
An experimental design with repeated measures was used to assess the effects of realtime computerized needle tip location feedback on the anxiety and performance of student nurse
anesthetists during a simulated UGRA training (see Research Design Schema: Appendix A).
After completing the Vandenberg and Kuse Mental Rotation Test (MRT-A) to assess VA (Peters
et al., 1995; Vandenberg & Kuse, 1978), subjects were randomly assigned to one of two groups:
an experimental group receiving standard UGRA training with real-time computerized needle tip
feedback intervention using the Simulab© Regional Anesthesia Trainer with SmarTissue or
the control group receiving standard UGRA using the Simulab© Regional Anesthesia Trainer
with SmarTissue. A post-performance assessment for both groups was conducted by UGRA
experts using the AC and GRS measurement tools (see Appendix E: Instruments). A repeated
measures design was appropriate because the design allowed for the comparison of state anxiety
(covariate) within groups at three points in time (T1, T2, and T3; Gray et al., 2016).
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Sample and Setting
A convenience sampling of male and female students admitted to Samuel Merritt
University (SMU) and currently enrolled in the second semester of the Nurse Anesthesia
Program were recruited in-person during class and via email to participate in the study. The
study took place on the main SMU campus in the Health Sciences Simulation Suite (HSSC) in
Oakland, California. The HSSC has over 10,000 square feet of simulation space, including four
training rooms with 24 hospital beds, nine private exam rooms, two simulation suites, and three
conference rooms. The study was conducted in a large classroom adjacent to the HSSC where
the MRT-A was administered. Two conference rooms were utilized for participant viewing of
UGRA instructional videos, and practice and performance of simulated UGRA occurred in two
simulation suites with secure high-definition audiovisual digital recording capability.
Inclusion and Exclusion Criteria
•

Inclusion criteria to participate in the study were:
Registered nurses who were admitted to an accredited nurse anesthesia
education program in the United States.

•

Exclusion criteria for participation in the study were:
Prior UGRA training or experience.

Sample Size
A power analysis was conducted for the Pearson’s correlation, which determined 29
participants were needed for analysis. The sample size was based on calculations indicating a
power of .80, a large effect size (0.50; Faul et al., 2007) using Cohen’s criteria (Cohen & Brook,
2004), and an alpha level of .05. For the multivariate multiple regression test, it was determined
28 participants would be needed. This sample size was based on calculations indicating a power
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of .80, a large effect size (0.40; Faul et al., 2007) using Cohen’s criteria (Cohen & Brook, 2004),
and an alpha level of .05. Therefore, to calculate a Pearson’s correlation prior to the multivariate
multiple regression test, a sample size of 29 participants was needed to conduct the study.
Based on historical demographic data of students admitted into the Nurse Anesthesia
Program, 30 potential students could be recruited to participate in the study (Table 1). In
previous research, gender accounted for a 20% variance in visuospatial skill (Peters et al., 1995),
and higher visuospatial skills have also been found to correlate with better novice UGRA
performance in clinical and simulated learning environments (Duce et al., 2016; Shafqat et al.,
2015). Therefore, stratified randomization of participant visuospatial skills would allow for equal
distribution of high and low participant visuospatial skills between groups.

Table 1: Gender of Students Admitted to the Program of Nurse Anesthesia at Samuel Merritt
University 2015–2020

Year

Male

Female

2015
2016
2017
2018
2019
2020

6
9
10
9
15
16

24
21
20
21
15
14
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Data Collection
Recruitment
Following approval from the University of Nevada, Las Vegas (UNLV) Institutional
Review Board (see UNLV IRB Approval: Appendix J) and facility authorization from SMU (see
SMU Facility Authorization Letter: Appendix K), students enrolled in the course, Basic
Principles of Anesthesia II, were given a flyer before class about the opportunity to participate in
the study if eligibility criteria were met (see Study Flyer: Appendix L). The flyer included the
purpose of the study, approximate time commitment, and a statement that no compensation
would be provided for participating. Last, the flyer provided contact information for the student
investigator (SI) and the principal investigator (PI). At that time, potential participants received a
paper form asking them to provide their email contact information in writing (see Email Form:
Appendix M), thus confirming that they would like more information about the study. Despite
the relatively limited number of potential volunteers in relation to the sample size needed to
complete the study, improvement in UGRA skills is highly desired by students during training.
Therefore, the chance to use real-time computerized needle tip feedback was seen by students
who are eager to learn and improve UGRA performance as a tremendous learning opportunity.
Informed Consent
Potential participants were informed they would receive an email that same evening with
a Qualtrics link to the informed consent used to agree or deny their willingness to participate in
the study (see Informed Consent Email: Appendix N). Contact information for the SI and the PI
was included. Students who had questions were instructed to email or call using the
investigator’s contact information prior to consenting. Study participation was completely
voluntary, and students were informed they could decline participation or withdraw from the
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study at any time without consequence. The recruitment email consent and Qualtrics link was
resent 3 days after the first message to increase the likelihood of reaching the desired sample
size. Upon completing informed consent (see Informed Consent: Appendix O), participants were
redirected and asked to complete an anonymous Qualtrics participant demographic survey (see
Demographic Survey: Appendix C).
Data Collection Day 1: Visuospatial Assessment and Randomization
To assess VA, participants completed the MRT-A on campus in a large classroom
adjacent to the HSSC on the following Monday after providing informed consent. Before
administering the MRT-A, the SI read aloud the instructions for completing the MRT-A as
provided by Peters and colleagues (1995). The MRT-A is a paper and pencil test that takes about
10 minutes to complete (Peters et al., 1995). After completing the MRT-A, the investigator
stratified the participants into two equal groups based on the median MRT-A score of 9.5 for all
the study participants. Participants’ MRT-A scores above the median were coded “1,” and those
below the median were coded “0.” Participants coded “0” were then randomized between
experimental and control groups. Then participants coded “1” were randomized between
experimental and control groups. Using a stratified randomization of participants based on the
MRT-A scores minimized the effects of the preexisting and innate visuospatial skill. This was
important because the higher visuospatial skill has been found to correlate with better novice
UGRA performance in clinical and simulated learning environments (Duce et al., 2016; Shafqat
et al., 2015).
Data Collection Days 2–4: UGRA Training Lab and Performance
After randomization, sets of two participants, one in the experimental group and one in
the control group, were scheduled to return at staggered nonoverlapping times to one of two
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conference rooms in the HSSC on Wednesday through Friday. At that time, participants
reviewed the same UGRA training videos per protocol in separate conference rooms (1 and 2;
see Data Collection Protocol: Appendix B). The content of the UGRA training videos was based
on joint recommendations of the American Society of Regional Anesthesia and the European
Society of Regional Anesthesia and Pain Therapy for education and training of UGRA (Sites et
al., 2010). The videos were produced and are widely available from the New York School of
Regional Anesthesia via YouTube™. The first video was “Physics of Ultrasound for Regional
Anesthesia” (2016), which is 29 minutes and 4 seconds in length, and the second video was
“Ultrasound-Guided Interscalene Brachial Plexus Block” (2013), which is 3 minutes and 55
seconds in length.
The UGRA training videos provided participants with standard instruction related
to ultrasound image generation, device operation, image optimization and interpretation, and
needle insertion and injection techniques related to an in-plane (IP) UG interscalene nerve block
(ISNB; Sites et al., 2010). Immediately following the video-based lecture, while remaining in the
conference rooms, participants completed the STAI forms Y1 and Y2 (T1) to assess their state
and trait anxiety. The STAI-Y is a self-administered paper and pencil questionnaire consisting of
two forms (Y1 and Y2) that take approximately 12 minutes to complete (Spielberger et al.,
1983).
After completing the STAI-Y, the SI escorted participants into the separate simulation
suites (1 and 2) adjacent to the conference rooms. The SI set a timer for 20 minutes in each
simulation suite. Participants in both groups were instructed by the SI that they would have 20
minutes to perform an IP UG-ISNB on the Simulab© Regional Anesthesia Trainer with
SmarTissue. All participants received in-person, observational, written feedback at 10 minutes
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and again at 20 minutes into the training lab from the UGRA experts utilizing both the AC and
GRS performance tools (see Instruments: Appendix E). The experimental group also received
continuous real-time computerized needle tip location feedback from the Simulab©
Regional Anesthesia Trainer with SmarTissue throughout the UGRA training lab,
whereas the control group did not (see Intervention: Appendix F). The participants were
blinded to their assigned group (control versus experimental). The simulation suites, supplies,
and equipment were identical (see Simulation Suite Equipment, Supplies, and Setup: Appendix
I). The equipment included an anesthesia machine, monitors, operating room bed, anesthesia
medication, supply cart, Simulab© Regional Anesthesia Trainer with SmarTissue, Fujifilm©
Sonosite™ SII ultrasound machine, and operating room side table. The supplies provided
included exam gloves, ultrasound gel, and nerve block needles.
Immediately after finishing the simulated UGRA training lab, the SI escorted all
participants back to the original separate conference rooms to complete the STAI form Y1 (T2)
to assess state anxiety. The equipment and supplies were set up identically for each UGRA
performance session (see Appendix J). The participants in both groups were asked to return to
their simulation suite to perform a simulated IP UG-ISNB on the Simulab© Regional Anesthesia
Trainer with SmarTissue while being videotaped without expert UGRA faculty present.
Participants did not receive any additional feedback from faculty or real-time needle location
feedback from the Simulab© Regional Anesthesia Trainer with SmarTissue. Following the
videotaped UGRA, participants completed STAI form Y1 (T3) to assess state anxiety, after
which the SI escorted participants out of the simulation center and immediately retrieved the next
participants in the study. The data collection protocol repeated until minimum sample size
requirements were met for the study (see Appendix B). The day following data collection, each
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participant in the control group was given an opportunity to perform UGRA for 20 minutes
utilizing the Simulab© Regional Anesthesia Trainer with SmarTissue with real-time needle
location feedback enabled. All participants received written feedback on their videotaped
performance after expert evaluation on Day 6.
Data Collection Days 5 and 6: Performance Assessment
Two experts assessed all of the participants’ simulated UGRA performances on video.
The expert evaluators were blinded to the participants’ group assignments and the order in which
the participants’ performances were videotaped, making them unaware of which participants
received the intervention during the UGRA training lab. After interrater reliability (IRR)
training, each video was independently assessed using the AC and GRS by each expert. The
assessments using the AC and GRS of each participant’s videotaped IP UG-ISNB performance
took about 5 minutes on average to complete (Wong et al., 2014). After all video performances
were scored, all participants received expert faculty written feedback on their videotaped
performance on Day 6.
Interrater Reliability Training
One day prior to the start of data collection, the expert UGRA faculty providing
participants with feedback during the practice session and assessing student UGRA performance
videos received IRR training for the AC and GRS measurement tools by the SI. Training
included an assessment of sample simulated IP UG-ISNB completed by licensed anesthesia
providers. The experts were blinded to the UGRA experience of the licensed providers in the
sample videos. After each video, scores from the AC and GRS are tallied, shared, and discussed
using the same tools until IRR combined scores were at least .80 as in prior studies (Chuan et al.,
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2015; Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014), although a score of .90 is
preferred to reduce performance assessment error (Gray et al., 2016).
Safe Practices for Conducting Research
The health, safety, and well-being of the SI, members of the research team, and
participants in the study were critical considering the COVID-19 pandemic. Adhering to
guidelines and protocols developed from recommendations by the Centers for Disease Control to
support safe practices for conducting human research was essential during the study. The
Standard Operating Procedures (SOP) for Safe Practices to Conduct Human Research of this
study were based on SMU’s COVID-19 Compendium (see Standard Operating Procedures for
Safe Practices to Conduct Human Research: Appendix P).
Protection of Human Subjects
Importantly, students were informed that study participation would have no effect on
their course grade and they could withdraw from the study at any time without any negative
consequences. After informed consent was obtained, participants were assigned a participant
code to protect their anonymity. A participant master code list was encrypted, passwordprotected, and stored on the secure UNLV shared drive to which only the SI and PI have access.
All coded paper data were securely stored in a locked file cabinet in a locked room at a separate
location only accessible by the SI and monitored by a security alarm. Scanned copies of the data
were archived on the UNLV secure Google shared drive accessible by the SI and PI.
Disseminated findings were reported by group and by not individual.

26

Variables
Independent Variables
The independent variable was real-time computerized needle location feedback from the
Simulab© Regional Anesthesia Trainer with SmarTissue (see Intervention: Appendix G). The
experimental group also received real-time computerized needle tip location feedback throughout
the practice session, whereas the control group did not.
Dependent Variables
The dependent variables were state anxiety and UGRA performance. State anxiety was
measured using the STAI form Y1 (T1, T2, and T3). UGRA performance was measured by the
AC and GRS using the participants' recorded UGRA performance (see Research Design Schema:
Appendix A).
Covariates
The covariates were state and trait anxiety and VA. State anxiety was measured using
the STAI form Y1, and trait anxiety was measured by the STAI form Y2. VA was measured
using the MRT-A, which was also used to stratify and randomize groups.
Instruments
State-Trait Anxiety Inventory Form Y
The STAI-Y is a 40-item paper-pencil questionnaire that differentiates between a
participant's state and trait anxiety. The STAI-Y consists of two forms, Y1 and Y2. Form Y1
measures state anxiety with scores ranging from 20–80. Form Y2 measures trait anxiety and has
the same score ranges as Y1. STAI-Y alpha coefficients computed using Kuder-Richardson 20
(KR-20) show the median coefficient of .90 for state and trait anxiety when given during or just
after conditions of acute psychological stress (Spielberger et al., 1983). Internal consistency
27

coefficients for STAI range from .86 to .95, and test-rest reliability coefficients range from .65 to
.75 (Spielberger et al., 1983). The test-retest correlations for form Y2 were .84 at an interval of 1
hour and .86 at an interval of 20 days (Spielberger et al., 1983). For studies using repeated
measures of state anxiety, the STAI form Y2 is only used on the initial measure to control for
trait anxiety over fewer than 20 days (Code & Burkard, 2016; Harvey et al., 2011; McKay et al.,
2010; Noto et al., 2005; Spielberger et al., 1983). The survey was self-administered and took
about 12 minutes to complete.
Redrawn Vandenberg and Kuse Mental Rotations Test-A
The MRT-A is a 24-item paper and pencil 10-minute timed test that measures innate VA.
The test assesses a participant’s ability to manipulate visual and spatial relationships of twodimensional images in a three-dimensional plane (Peters et al., 1995). Scores on the test can
range from 0–24, with higher scores indicative of higher innate VA. The MRT-A is a valid and
reliable VA assessment tool in the literature (Clem et al., 2013; Duce et al., 2016; Shafqat et al.,
2015). MRT-A has substantial internal consistency (KR 20 = .88) and high test and retest
reliability (.83; Duce et al., 2016; Vandenberg & Kuse, 1978). Better UGRA performance has
been predicted in previous research by higher MRT-A scores (Duce et al., 2016; Shafqat et al.
2015).
Assessment Checklist and Global Rating Scale for UGRA
The AC is an objective procedural checklist initially developed by Cheung and associates
(2012) using the Delphi method to specifically assess the specific technical skills of UGRA
performance. To assess the nontechnical skills associated with UGRA, the GRS is widely used in
the literature (Burckett-St Laurent et al., 2014; Cheung et al., 2012; Naik et al., 2007; Shafqat et
al., 2015; Shafqat et al., 2018; Wong et al., 2014). The AC and GRS have demonstrated
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reliability coefficients of greater than .80 in previous studies when used to assess UGRA
performance (Shafqat et al., 2015; Shafqat et al., 2018). The AC and GRS mean scores are
strongly correlated, r = 0.73, p < .001, in previous research (Shafqat et al., 2018). The
IRR of the AC and the GRS in a previous study was 0.96 and 0.91 (Shafqat et al., 2018).
The experts providing feedback and assessing simulated UGRA performance received
training on how to complete the AC and GRS. Training included an assessment of sample videos
of simulated UG-ISNB completed by licensed anesthesia providers. The experts were blinded to
the licensed anesthesia providers' UGRA experience in the sample videos. After assessing each
sample video, scores from the AC and GRS were tallied, shared, and then discussed by the
experts as in prior studies using the same UGRA performance tools (Chuan et al., 2015; Wong et
al., 2014) until IRR combined scores of the AC and GRS was at least .80 as recommended by
Gray and colleagues (2016); however, IRR scores of .90 are preferred to reduce the chance of
performance evaluation error (Gray et al., 2016). AC scores ranged from 0–44 and GRS scores
ranged from 9–45, with higher combined scores on the AC and GRS indicative of better UGRA
performance (Burckett-St Laurent et al., 2014; Cheung et al., 2012; Naik et al., 2007; Shafqat et
al., 2015; Shafqat et al., 2018; Wong et al., 2014).
Intervention
The intervention was real-time computerized needle tip location feedback during a
simulated UGRA from the Simulab© Regional Anesthesia Trainer with SmarTissue (see
Intervention: Appendix G).
Demographics
The demographic data collected consisted of gender, age, race, ethnicity, and years of
nursing and critical care nursing experience (CCNE). Critical care nursing is defined as a unit
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within which a registered nurse uses assessment, psychomotor skills, and critical decision
making to care for unstable patients with invasive hemodynamic monitors (e.g., pulmonary
artery, central venous pressure, and arterial catheters), cardiac assist devices, mechanical
ventilation, and vasoactive infusions (Council on Accreditation of Nurse Anesthesia Programs,
2019, p. 30). Upon completing the informed consent, participants were redirected and asked to
complete an anonymous Qualtrics participant demographic survey (see Demographic Survey:
Appendix C).
Operational Definitions
Anxiety was operationalized as both state and trait anxiety. State anxiety was defined by
Schwenkmezger and Steffgen (1989) “as a broad concept for a number of very complex
emotional and motivational states and processes that occur as a result of the threat. This
threat is related to the subjective evaluation of a situation and concerns jeopardy to one’s
self-esteem during performance or social situations, physical danger, or insecurity and
uncertainty” (pp. 78–79). State anxiety is transient “at the moment” and disappears over
time (Spielberger et al., 1983). Student’s state anxiety was measured with the STAI
(Appendix E). Trait anxiety was defined as anxiety that is present, constant, and does
not diminish over time (Spielberger et al., 1983). Trait anxiety was also measured with
the STAI (Appendix E).
Performance was operationalized by the objective and qualitative effectiveness of a
participant to perform UGRA. The objective performance of simulated UGRA was
measured with the AC (Appendix E) by Cheung et al. (2012). The qualitative
performance of simulated UGRA was measured with the GRS (Appendix E) developed
by Wong et al. (2014).
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VA was operationalized by the innate ability of study participants to manipulate visual
and spatial relationships between two- and three-dimensional objects while coordinating
complex hand and eye movements when performing UGRA (Clem et al., 2013). Innate
VA of study participants was measured using the redrawn Vandenberg and Kuse MRT
(Appendix E).
Data Analysis
This section outlines the study research questions, hypotheses, and related statistical tests
(see Power Analysis Table for Statistical Tests: Appendix H) used for data analysis.
Research Question 1: Will students' state anxiety decrease after receiving real-time
computerized needle tip location feedback during a simulated UGRA training lab?
Hypothesis 1: Students who receive real-time computerized needle tip location feedback
during a simulated UGRA training lab will experience decreased state anxiety at T2 and T3 from
T1 compared to the control group when controlling for the covariates (trait anxiety, nursing
experience, CCNE, and MRT-A score at T1). This hypothesis was tested using a mixed
regression model to assess the interaction between group and time, the independent variables,
while controlling the effect of the covariates, which would indicate the potential intervention
effect on the changes of the dependent variable (STAI Y1) over time (T1, T2, and T3; Field,
2013). Before running a mixed regression analysis, an independent samples t-test was conducted
to compare the differences of STAI Y1 between the control and experimental groups at each
time point.
Research Question 2: Will students’ immediate performance of a simulated
UGRA differ between the experimental group, who received real-time computerized needle tip
location feedback during a simulated UGRA training lab, compared with the control group?
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Hypothesis 2: Students in the experimental group receiving real-time computerized
needle location feedback during a simulated UGRA training lab will immediately perform better
on the AC and GRS compared to students in the control group when controlling for VA. This
hypothesis was tested using an independent samples t-test, Pearson’s correlation, and a
multivariate multiple regression test. An independent samples t-test was conducted first to
evaluate if differences existed concerning the AC and GRS scores between the control and
experimental groups. A Pearson’s correlation was conducted to assess the relationship between
the dependent variables (AC and GRS), which were highly correlated with performance. A
multivariate multiple regression test was conducted to evaluate if statistically significant
differences existed in the scores and whether these were due to the independent variable, control
or experimental group membership, while controlling for other potential demographic factors.
Research Question 3: Do the student anxiety scores (STAI Y1) at T2 mediate the effect
of the intervention on performance scores (AC and GRS scores) when controlling for VA?
Hypothesis 3: The student anxiety scores (STAI Y1) at T2 mediates the effect of the
intervention on the performance scores when controlling for VA. This hypothesis was tested
using path analysis, which is a form of structural equation modeling (SEM). Path analysis
examined the degree and significance of relationships between the independent, dependent
variables, and mediator while considering the effects of the covariates.
Chapter Summary
The rigorous research methodology outlined in this chapter was developed to answer the
research questions in this study and create new knowledge to fill a gap in the scientific literature,
(i.e., the effects of real-time computerized needle tip location feedback on the anxiety and
performance of student nurse anesthetists during a simulated UGRA training). The sample size
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was calculated using power analysis and was thought to be feasible given the interest shown by
the students during recruitment. Further, data collection protocols and procedures were
considered appropriate given the setting and availability of resources. In this chapter, study
variables were clearly identified and defined, and study instruments were shown to be well
established, reliable, and conceptually valid. The statistical power, effect size, and analysis
techniques were selected to answer study hypotheses following consultation with two
statisticians, Drs. Feng and Song. Overall, the study was designed to determine if real-time
computerized feedback had any effect on student emotional state and performance of a nerve
block during UGRA training. Ultimately, these findings would provide information about the
effectiveness of real-time computerized needle tip location feedback during a simulated UGRA
from the Simulab© Regional Anesthesia Trainer with SmarTissue to improve performance in
the simulated setting and help determine the cost-effectiveness of this training method.
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Chapter 4: Results
Introduction
This chapter presents the study sample demographic information. The results of the data
analyses used to answer the research questions and whether to accept or reject hypotheses
examining the effects of real-time computerized needle tip location feedback on student state
anxiety and immediate UGRA performance will also be described. At the conclusion of this
chapter, an overall summary of the results is presented.
Demographics
A total of 30 students admitted to SMU and currently enrolled in the second semester of
the Nurse Anesthesia Program were recruited to participate in the study with 29 students
consenting to participate and finishing all aspects of the study for a completion rate of 97% of all
potential study participants. The age range of all participants was 26 to 41 years old. The mean
age of all the study participants was just over 32.5 years (M = 32.6, SD = 4.1). The control and
experiment group participants mean ages were nearly identical (M = 32.5, SD = 4.9 vs. M = 32.6,
SD = 3.3, respectively). However, although the majority of students in previous cohorts of the
nursing program at SMU were female over the past 6 years (Table 1), the majority of student
participants in this study were male (Table 2). Participants’ mean nursing experience was 7 years
(M = 6.8, SD = 3.1) and CCNE was 5 years (M = 5.2, SD = 3.3). The majority of participants
self-reported White as their race or ethnicity (Table 2).
The participants were stratified into two equal groups based on the median MRT-A score
of 9.5 (Table 2) for all study participants. Participants’ MRT-A scores above the median were
coded “1,” and those below the median were coded “0.” Participants coded “0” were then
randomized between experimental and control groups. Then participants coded “1” were
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randomized between experimental and control groups. The control group had a higher baseline
average MRT-A score (M = 9.5, SD = 4.2) than the experimental group (M = 10.1, SD = 4.6);
however, the difference in score was not statistically significant. Further, no statistically
significant differences (p = .726) were found in baseline anxiety trait scores between the
experimental group (M = 39.7, SD = 6.6) and the control group (M = 40.8, SD = 9.9).

Table 2: Demographic Characteristics of Study Participants

Total Study
Participants
(N = 29)

Control
Group
(n = 14)

Experimental
Group
(n = 15)

16 (55%)
13 (45%)

7 (50%)
7 (50%)

9 (60%)
6 (40%)

Asian

11 (38%)

6 (43%)

5 (33%)

White

15 (52%)

7 (50%)

8 (53%)

Hispanic

1 (3%)

0 (0%)

1 (7%)

Other

2 (7%)

1 (7%)

1 (7%)

Age, Mean +SD

32.6±4.1

32.5±4.9

32.6+3.3

Nursing Experience (Years), Mean
+ SD

6.8±3.1

7.0±3.0

6.0±3.3

Critical Care Nursing Experience,
Mean + SD

5.2±3.3

4.9±3.6

5.5±3.1

Baseline STAT-Y2, Mean + SD

40.2±8.3

40.8±9.9

39.7±6.6

MRT-A Score, Mean + SD

9.5±4.2

10.1±4.6

8.9±3.8

Gender, N%
Male
Female
Race or Ethnicity
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Data Analysis
Data were collected from participants who completed the STAI Y2 once (T1) and STAI
Y1 at three predetermined times (T1, T2, and T3) during the study. Data were also collected
from faculty experts completing the AC and GRS assessment tools after watching videotaped
UGRA performances after STAI Y1 at T2 was collected from all study participants. After
inputting all of the data into Excel (Microsoft Corp.) in long format, data were converted into
wide format for further statistical analysis using IBM SPSS Statistics 27 and SPSS Amos for
SEM.
Research Questions and Hypotheses
Research Question 1: Will students' state anxiety decrease after receiving real-time
computerized needle tip location feedback during a simulated UGRA training lab?
Hypothesis 1: Students who receive real-time computerized needle tip location feedback
during a simulated UGRA training lab will experience decreased state anxiety (STAI Y1) at T2
and T3 from T1 compared to the control group when controlling for the covariates (trait anxiety,
nursing experience, CCNE, and MRT-A score at T1).
Using a mixed regression model, we assessed the effects of group, time, and the
interaction between group and time, the independent variables, while controlling the effect of the
covariates on STAI Y1. The interaction between group and time indicates the potential
intervention effect on the changes of the dependent variable (STAI Y1) over time (T1, T2, and
T3) compared with the control group (Field, 2013).
Before running a mixed regression analysis, an independent samples t-test was conducted
to compare the differences of STAI Y1 between the control and experimental groups at each
time point. The STAI Y1 mean score for both groups increased over time (Table 3, Figure 1);
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however, the control group's mean STAI Y1 scores were significantly lower at all measurement
times in comparison to the experiment group (Table 3). A mixed regression model was
conducted to evaluate the experimental effect over time while controlling the other covariates
that may affect STAI Y1 scores. The mixed regression model (Table 4) showed the STAI Y1
score for the control group was significantly lower than the experimental group, B = -11.43, p =
.001. STAI Y1 scores for baseline (T1) were also significantly lower than for the score at T3, B
= -10.07, p = .001; however, the score at T2 was not significantly different than at T3. Also,
STAI Y1 score increased with an increase of baseline STAI Y2 score, B = .80, p < .001.
Additionally, increases of MRT-A scores highly correlated with increases in STAI Y1 scores
over time regardless of participant group membership, B = .60, p = .005. Based on the results of
the mixed regression model and controlling for the covariates, the interaction between group and
time was not significant on STAI Y1 scores (p = .555), which indicates the intervention did not
have a significant effect on the changes of STAI Y1 scores over time on the experimental group
when compared to the control group (Table 4). Therefore, we failed to reject the null hypothesis.

37

Table 3: State-Trait Anxiety Inventory Y1 Scores for Control and Experimental Groups at T1,
T2, and T3

Time
T1

Mean STAI Y1 Scores (SD)
Control
Experimental
Group
Group
32.6(8.2)
39.7(8.7)

p-value
.031*

T2
39.8(9.6)
51.3(13.6)
T3
39.9(11.7)
49.8(11.4)
Note. An independent samples t-test was conducted to calculate p-values.

.014*
.029*

* p < .05

Figure 1: Parallel Slope of the STAI Y1 Scores of the Control and Experimental Groups Over
Time
STAI-Y1 Score at T1, T2, and T3
60

40

20

0
STAT Y1 Score T1

STAT Y1 Score T2

Control Group

STAT Y1 Score T3

Experimental Group
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Table 4: Mixed Regression Model: Estimates of Fixed Effects

Parameter
Estimate
Intercept
11.95
Group
Control
-11.43
Experimental
0b
STAI Y1 Score
Time 1
-10.07
Time 2
1.53
Time 3
0b
CCNE
.12
MRT- A Score
.60
STAI Y2 Score at Time 1
.80
Control Group STAI Y1
Score Time
Time 1
2.71
Time 2
-1.68
Time 3
0b
Experimental Group STAI Y1
Score Time
Time 1
0b
Time 2
0b
Time 3
0b
a
Dependent Variable: STAI Y1 scores.
b

95% Confidence
Interval
SE Lower Upper
df
5.43 1.12
22.78 71.38

t
2.20

p
.031

3.09
0

-17.77
.

-5.09
.

26.47
.

-3.70
.

.001*
.

2.71
3.23
0
.26
.21
.10

-15.52
-4.96
.
-.40
.19
.60

-4.62
8.02
.
.63
1.02
1.01

49.46
51.66
.
70.36
70.36
70.36

-3.71
.47
.
.45
2.89
7.72

.001*
.637
.
.653
.005*
.000*

3.91
4.66
0

-5.14
-11.02
.

10.56
7.67
.

49.46
51.66
.

.69
-.36
.

.491
.720
.

0
0
0

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.

This parameter is set to zero because it is redundant

* p < .05

Research Question 2: Will students’ immediate performance of a simulated
UGRA differ between the experimental group, who received real-time computerized needle tip
location feedback during a simulated UGRA training lab, compared with the control group?
Hypothesis 2: Students in the experimental group receiving real-time computerized
needle location feedback during a simulated UGRA training lab, immediately perform better on
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the AC and GRS compared to students in the control group, when controlling for visuospatial
ability (VA).
A multivariate multiple regression was used to analyze the data. However, first, two
expert faculty assigned both AC and GRS scores for each study participant based on videotaped
performances. IRR was checked using Cronbach’s alpha (𝛼𝛼). The score on the Cronbach’s alpha
ranges from 0 to 1.0, with higher scores indicating higher IRR (Field, 2013). A Cronbach’s alpha
score of .70 is acceptable, but scores of .80 and .90 are indicators of good and better IRR,
respectively, of UGRA expert AC and GRS scores (Field, 2013). The IRR for expert faculty
evaluating the performances of the participants on the AC was 𝛼𝛼 = .90 and for the GRS was 𝛼𝛼 =
.88. Considering the high IRR from the expert faculty on both performance measures, the mean

GRS and AC scores were calculated for each participant and used for further data analysis (Table
5).
An independent samples t-test was conducted first to evaluate if statically significant
differences existed on the AC and GRS scores between the control and experimental groups. As
shown in Table 5, no statistical differences were identified. Following the independent samples ttest, a Pearson’s correlation was conducted to assess the relationship between the dependent
variables, the AC and GRS performance measures of the participants (n = 29). The AC and GRS
were found to be highly correlated, r = 0.449, p = .015. Therefore, a multivariate multiple
regression test was conducted to evaluate if statistically significant differences in the scores were
due to the independent variable, control or experimental group membership, while controlling for
other potential factors (Table 6), including years of CCNE, gender, baseline MRT score, and
STAI Y1 at T2 (closest time point to the outcome measurement time).
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The multivariate multiple regression analysis did not show significant differences in the
outcome measures (AC and GRS) between the control and experimental group when including
and controlling for covariates in the model (p = .178; Table 6). Additionally, the parameter
estimates from conducting a multivariate multiple regression analysis on each dependent variable
found the covariates did not have significant effects on AC or GRS scores (Tables 7 and 8).
Therefore, we failed to reject the null hypothesis.

Table 5: Assessment Checklist and Global Rating Scale Scores for Control and Experimental
Groups

Performance
Instruments
AC Score

Mean Scores (SD)
Control
Experimental
Group
Group
34.6(4.5)
30.9(6.3)

GRS Score
31.5(6.3)
29.0(5.6)
Note. An independent samples t-test was conducted to calculate p-values.

p
.077
.267

Table 6: Multivariate Multiple Regression Test
Wilk’s Lambda
𝜂𝜂𝑝𝑝2
Effect
Value
F
Hypothesis df Error df
p
Intercept
.33
22.76
2
22
.000
.67
Group
.86
1.87
2
22
.178
.15
CCNE
.97
.36
2
22
.705
.03
MRT-A Score
.91
1.11
2
22
.346
.09
STAI Y1 Score at T2
.86
1.75
2
22
.197
.14
Gender
.93
.85
2
22
.441
.07
a
Design: Intercept + Group + CCNE Yrs + MRT-A Score + STAI Y1 Score T2 + Gender
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Table 7: Parameter Estimates: Dependent Variable AC Score

Parameter
B
SE
t
Intercept
27.21
7.26
3.743
Group
Control
4.86
2.47
1.973
a
Experimental
0
.
.
CCNE
.04
.34
.117
MRT-A Score
-.15
.36
-.416
STAI Y1 Score at T2
.09
.10
.884
Gender
Female
.95
2.98
.319
a
Male
0
.
.
a
This parameter is set to zero because it is redundant.

p
.001

95% Confidence
Interval
Lower
Upper
Bound
Bound
12.17
42.24

𝜂𝜂𝑝𝑝2
.38

.061
.
.908
.681
.386

-.24
.
-.66
-.89
-.12

9.99
.
.73
.59
.289

.15
.
.001
.01
.03

.753
.

-5.21
.

7.11
.

.004
.

Table 8: Parameter Estimates: Dependent Variable GRS Score

Parameter
B
SE
t
Intercept
42.08
7.50
5.61
Group
Control
2.07
2.55
.81
a
Experimental
0
.
.
CCNE
-.24
.35
-.70
MRT-A Score
-.55
.37
-1.49
STAI Y1 Score at T2
-.11
.10
-1.09
Gender
Female
-3.06
3.07
-.99
a
Male
0
.
.
a
This parameter is set to zero because it is redundant

42

p
.000

95% Confidence
Interval
Lower
Upper
Bound
Bound
26.56
57.60

.424
.
.491
.149
.289

-3.20
.
-.96
-1.32
-.32

7.35
.
.47
.21
.10

.03
.
.02
.09
.05

.330
.

-9.41
.

3.30
.

.04
.

𝜂𝜂𝑝𝑝2
.58

Research Question 3: Do the student anxiety scores (STAI Y1) at T2 mediate the effect
of the intervention on performance scores (AC and GRS) when controlling for VA?
Hypothesis 3: The student anxiety scores (STAI Y1) at T2 mediates the effect of the
intervention on the performance scores when controlling for VA. This hypothesis was tested
using path analysis, which is a form of SEM. Path analysis examined the degree and significance
of relationships between the independent, dependent variables, and mediator while considering
the effects of the covariates (Figures 2 and 3). Even though the path analysis showed a
significant relationship between groups and STAI Y1 at T2 (p = .008) and AC scores (p = .023),
the STAI Y1 at T2 (Figure 3, Table 9) showed no significant relationship with the outcome
measures, AC score (p = .356) and GRS scores (p = .332). Therefore, STAI Y1 was not a
mediator between group membership and AC or GRS score, and we failed to reject the null
hypothesis. Additionally, the path analysis of the AC and GRS scores and group membership
(Figure 2, 3, Table 10) showed covariates, MRT-A score and CCNE, had no significant effect on
the outcome measures.

43

Figure 2: Input Path Diagram for AC Scores

Note. Outcome score = AC Score

Table 9: Maximum Likelihood Estimates AC Score
Regression Weights: (Group number 1 - Default model)
Input Path for AC Scores
Estimate S.E. C.R.
p Label
STAI_Y1ScoreT2 <--- Group #
11.55 4.32
2.68 .008
AC Score
<--- MRT-A Score
-.23
.24
-.94 .346
AC Score
<--- CCNE Yrs
.04
.30
.12 .903
AC Score
<--- Group #
-4.98 2.19 -2.27 .023
AC Score
<--- STAI-Y1 Score
.08
.09
.92 .356
Note. Based on the path analysis outputs above, STAI Y1 is not a mediator between group and
AC scores.
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Figure 3: Input Path Diagram for GRS Scores

Note. Outcome score = GRS Score

Table 10: Maximum Likelihood Estimates GRS Score
Regression Weights: (Group number 1 - Default model)
Input path for GRS Scores
Estimate S.E. C.R.
p Label
STAI_Y1ScoreT2 <--- Group_#
11.55 4.32 2.67 .008
GRS Score
<--- STAI_Y1ScoreT2
-.09
.09
-.97 .332
GRS Score
<--- Group_#
-1.73 2.31
-.75 .455
GRS Score
<--- MRT-A Score
-.31
.25 -1.23 .220
GRS Score
<--- CCNE Yrs
-.24
.32
-.74 .458
Note. Based on the path analysis outputs above, STAI Y1 is not a mediator between group and
GRS scores.
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Chapter Summary
Study participants’ state and trait anxiety were assessed using the STAI Y1 at three
predetermined time points and Y2 at baseline during the study. Faculty experts assessed
videotaped UGRA performances after study participants completed the training lab using AC
and GRS assessment tools. Based on the current cohort data analysis, the intervention of
computerized needle tip feedback during a UGRA training lab did not show a significant effect
on the changes in student state anxiety scores when compared with the control group over time.
The state anxiety scores of students in both groups increased similarly at T2 and T3 when
compared to T1. Further, no significant differences were found in the immediate performance
outcome measures between the experimental and control group with or without controlling for
covariates. Since no significant relationship was found between STAI Y1 at T2 and the outcome
measures, STAI Y1 was not identified as a mediator between the group membership and the
outcome measures. The overall conclusion is that the intervention did not show a significant
effect on the changes of student state anxiety or performance outcome scores.
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Chapter 5: Discussion
Introduction
In this chapter, study findings are discussed to provide context, synthesize related
scientific literature, and formulate conclusions. Moreover, implications of findings for nurse
anesthesia teaching and learning are explored. Last, the study’s strengths and weaknesses are
examined and recommendations are made for future research.
Interpretation of Findings
Research Question 1
Real-time computerized needle tip feedback during a UGRA training lab did not show a
significant effect on the changes of STAI Y1 scores over time on the experimental group when
compared to the control group. Inexplicably, the state anxiety scores of students in both groups
increased similarly at T2 and T3 when compared to T1. Even the control group had significantly
lower state anxiety at all times of measure (T1, T2, and T3) than the experimental group, the
changes in scores over time were similar for both groups. These findings were unexpected
because feedback that is specific, objective, direct, and timely is strongly predictive of
improvement in student learning and performance (Minehart et al., 2014). Although the
Simulab© Regional Anesthesia Trainer with SmarTissue provides specific, objective, direct,
and timely computerized needle tip location feedback during a simulated training lab, the
feedback did not evidence an effect on student state anxiety scores between groups over time.
FIT was one of the two theoretical underpinnings that guided the study. According to
FIT, objective-focused and task-specific feedback allows the student to maintain their attention
on the task and supports efforts to improve performance (Kluger & DeNisi, 1996). In FIT, when
student feedback is subjective and not task-specific, the focus shifts towards self, triggers
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anxiety, overwhelms cognitive capacity, and impairs task performance (Kluger & DeNisi, 1996;
Mikulincer et al., 1989). The axioms and proposition of FIT related to the study describe the
relationship between theoretical concepts.
Axioms:
A1: If specific feedback, then increased focus.
A2: If increased focus, then decreased anxiety.
Proposition:
P1: Therefore, if specific feedback, then decreased anxiety.
Theoretically, the Simulab© Regional Anesthesia Trainer with SmarTissue provided
objective, focused, real-time computerized needle tip UGRA task-specific feedback allowing the
student to maintain their attention on improving the needle tip placement in proximity of the
intended target safely. It was anticipated that the intervention would have kept a student’s focus
on the task and decreased anxiety. Unfortunately, the theoretical underpinnings did not seem to
assist with understanding why increased student state anxiety occurred in both groups over time
or why the control group had significantly lower anxiety state scores at all times of measure (T1,
T2, and T3).
When teaching a new skill, instructors give feedback to help students eliminate
performance gaps (Nicole & Macfarlane-Dick, 2006). Depending on the type of feedback and
whether the feedback is positive or negative, the performance gap can widen (Kluguer & DeNisi,
1996). Inconsistent observational feedback during UGRA training perceived by learners as
directed towards self can cause emotional states that have been characterized as feelings of fear,
apprehension, and uncertainty from the anticipation of a threatening situation; this, in turn, can
cause anxiety, impair performance, and negate learning according to the literature (Kluger &
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DeNisi, 1996; McKay et al., 2010; Minehart et al., 2014; Molloy & Boud, 2014; Shafqat et al.,
2015). The current study findings were surprising because the intervention and study design
sought to eliminate these issues; however, the expected effect of decreasing anxiety in the
experimental group was not found.
In simulated experiential learning activities, high levels of anxiety impair performance,
whereas low levels of anxiety foster superior performance (Al-Ghareeb et al., 2019; Shafqat et
al., 2015). Sanders and Lushington (2002) found that moderate degrees of stress and anxiety are
needed for effective student learning but the optimal level of anxiety during simulated activities
to promote student learning in nurse anesthesia has not been identified.
Postulating, two possible contributors may help explain the findings. First, the study was
conducted in the middle of a worldwide pandemic, which may have been a confounding variable
that affected participants’ state and baseline trait anxiety during the study. The STAI Y1 used in
the study is sensitive to transient changes in state anxiety, whereas STAI Y2 measures trait
anxiety that is present, constant, and does not diminish over time (Spielberger et al., 1983).
However, differences in individual trait anxiety may reflect the frequency and intensity of
situations over time that provoke increased state anxiety (Spielberger et al., 1983). Moreover,
individuals with higher trait anxiety tend to have more exaggerated increases in state anxiety
during threatening situations (Spielberger et al., 1983). It is possible the pandemic influenced the
baseline trait and state anxiety scores of all students, and this may have continued throughout the
lab training activities. Additionally, mandatory SOP anti-COVID-19 protocols, which included
wearing complete personal protective equipment (i.e., cap, mask, face shield, and gloves), may
have heightened anxiety in both groups.
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Second, the students in the experimental group may have experienced anxiety associated
with the Simulab© Regional Anesthesia Trainer with SmarTissue technology, termed
technostress. Technostress is any negative effect on human psychology that is caused directly or
indirectly by technology that may be unfamiliar to the user and can cause physiologic anxiety
(Brod, 1982; Clark & Kalin, 1996; Weil & Rosen, 1995). Although no studies were located that
could be directly comparable to this study, many studies have found a fear of interacting or
misusing unfamiliar technology causes anxiety in the end-user (Gaudron & Vignoli, 2002; RaguNathan et al., 2008; Salanova et al., 2013). Thus, unfamiliarity with the real-time computerized
needle tip feedback back may have contributed to anxiety in the experimental group, obscuring
any effect of the needle tip location, as these students may have become overly focused on the
unfamiliar technology rather than the task. Technostress may have contributed to the
experimental group’s significantly higher anxiety scores at T2 and T3 than the control group
(Table 3).
Research Question 2
No significant differences were found in the immediate performance outcome measures
between the experimental and control group with or without controlling for covariates. For both
groups, mean AC and GRS performance scores were at the “novice” level as determined by two
previous studies using similar simulated UGRA and colleagues (Burckett-St. Laurent et al.,
2016; Burckett-St. Laurent et al., 2014). Specifically, the findings indicate that the covariates
(STAI-Y1 at T2, MRT-A score, gender, and CCNE) did not have a significant effect on the
outcome measures (AC and GRS scores). These findings were not expected or consistent with
the literature.
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A study by Shafqat and colleagues (2015) was similar to the current study in that it
examined the effect of anxiety on UGRA performance. However, findings showed that students
with higher anxiety had lower performance scores on the GRS. The study differs from the
current study in several important ways. First, in the Shafqat et al. study, participants watched
UGRA training videos before a UGRA lab, rather than during the lab, and no performance
feedback was given during UGRA practice. In the current study, participants received feedback
from the AC and GRS performance tools immediately after viewing the training video and
practice. It is possible that the lack of feedback by Shafqat and colleagues made some
participants more anxious, which may have affected their UGRA performance. Second, Shafqat
and colleagues included medical school students in any class with no UGRA experience in their
sample. Participants in the current study included anesthesia students with no UGRA experience,
recruited from the same cohort with the same education (BSN) and critical care clinical
backgrounds. Medical students have educational backgrounds from a variety of disciplines and
have minimal to no clinical experience. It seems likely that participant differences in educational
and clinical background could have contributed to differences in study findings. Additionally, the
differences in participant’s VA were controlled in the current study but not by Shafqat and
colleagues. Higher VA was found to correlate with better UGRA performance. Although in the
current study, anxiety did not affect performance, increases of MRT-A scores were highly
correlated with increases in STAT Y1 scores over time regardless of participant group
membership. This finding is inconsistent with Shafqat et al.’s findings that lower MRT-A scores
correlated significantly with lower GRS scores and higher levels of anxiety.
Different interventions may have contributed to the lack of congruence in findings
between the current and previous studies. For instance, Shafqat and colleagues (2015) used a
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turkey-based model inserted into a task trainer to assess UGRA performance skills. In the current
study, a Simulab© Regional Anesthesia Trainer with SmarTissue. Another study found an
improvement in novice UGRA performance when ultrasound images were augmented with realtime computerized needle tip feedback (Lerman et al., 2014). Lerman and associates found that
an anatomically correct task trainer that provided real-time computerized visual (LED light) and
auditory (piezoelectric buzzer) needle tip feedback when in close proximity to the intended target
improved novice UGRA performance when compared to unstructured verbal feedback and no
feedback. The Simulab© Regional Anesthesia Trainer with SmarTissue provides visual
feedback by illuminating critical structures the needle tip interacts with on a computer screen and
also provides auditory and haptic feedback from a distinct subtle “pop” that can be felt and heard
when the needle tip enters the nerve sheath. Haptic feedback refers to technology that can
interact and be felt by the end user’s sense of touch (Krogmeier et al., 2019). The pop mimics the
same distinct feedback experienced when properly placing the needle by the intended target in a
patient. This type of feedback is different than the auditory feedback from a piezoelectric buzzer,
which provides a continuous monotone buzz that can only be heard (Lerman et al., 2014).
In addition, McVicar and colleagues (2015) found augmenting ultrasound images with
real-time computerized predictive needle tip trajectory improved novice UGRA performance as
well. However, the Simulab© Regional Anesthesia Trainer with SmarTissue real-time
computerized needle tip feedback shows the user where the needle tip is in relation to its
interaction with critical structures, which is very different than showing the predicted trajectory
of the needle tip in real time. Study differences in the type of needle tip feedback may have
contributed to the incongruent findings between the current and previous studies.
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Importantly, the assessments of all participants videotaped performances by two expert
UGRA faculty using the AC and GRS had high IRR. This indicates that the ratings between the
raters were consistent and are reliable measures of students’ UGRA performance. Additionally,
AC and GRS scores were highly correlated, indicating a strong relationship between the outcome
measures for UGRA performance that consists of technical (AC) and nontechnical (GRS) skills,
which is consistent with previous research (Shafqat et al., 2015; Shafqat et al., 2018). Therefore,
the performance measures tools were reliable; thus, confirming no significant effect of the
intervention.
Research Question 3
Even though the path analysis showed a significant relationship between groups and
STAI Y1 at T2 and AC scores, the STAI Y1 at T2 showed no significant relationship with the
outcome measures of AC and GRS scores. Therefore, STAI Y1 is not a mediator between group
membership and AC or GRS scores. Additionally, the path analysis of the AC and GRS score
and group membership showed covariates, MRT-A score and CCNE, had no significant effect on
the outcome measures.
Although, no studies were located that explored the mediation effect of state anxiety on
performance, theoretically, ACT should help explain the relationship between anxiety and task
performance because executive brain function attention control helps individuals to focus on
tasks (Eysenck et al., 2007). Attention control and working memory are also negatively affected
by state anxiety (Eysenck et al., 2007). Consequently, as state anxiety increases, attention control
and working memory decrease, which leads to individuals’ inability to concentrate, reason, or
make decisions during a task (Astle & Scerif, 2008; Diamond, 2013). Increased anxiety in the
experimental group may have negatively affected the individual’s ability to concentrate and,
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therefore, obscured any performance effect of the intervention. Perhaps state anxiety was altered
by technostress and the pandemic heightened both state and trait anxiety of study participants.
These issues may have affected the anxiety scores, resulting in inconsistent findings in
comparison to previous research.
Implications in Nurse Anesthesia Education and Research
The findings in the study have implications for nurse anesthesia education and research.
The Simulab© Regional Anesthesia Trainer with SmarTissue may not be a cost-effective task
trainer for UGRA education. The device is expensive to purchase: the task trainer, smart tissue,
and computer to support the software cost $6,388 with an additional $1,725 to maintain
(Simulab© Corporation, n.d.) in comparison to lower fidelity UGRA task trainers costing $650
(CAE Healthcare, n.d.). Despite the innovative technology, real-time computerized needle tip
feedback did not result in improvement in state anxiety or performance in the current study.
Notably, the antidotal experiences of the SI and members of the research team teaching this lab
were not congruent with the study findings. In past UGRA labs, students expressed feeling less
anxious and performed UGRA noticeably better when the intervention was incorporated into an
existing UGRA training lab. However, these antidotal experiences were not supported by this
study.
The unfamiliarity with the Simulab© Regional Anesthesia Trainer with SmarTissue
may have resulted in technostress. Technostress may have manifested by significantly higher
physiologic anxiety in the experimental group compared to the control group at all time points
(T2 and T3). The higher anxiety scores may have negatively affected student performance;
therefore, teaching strategies should include student preparation for any new technology.
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The AC and GRS were revalidated in this study to be reliable UGRA performance
measurement tools. During UGRA training, students must obtain objective, reliable, and
consistent feedback on technical and nontechnical skills associated with UGRA. For nurse
anesthesia educators, it is important to have reliable performance assessment tools to determine
if a student has acquired the knowledge and skill from laboratory training necessary to perform
UGRA safely in the clinical environment. Experts consistently agree the AC and GRS tools
provide structured objective feedback that incorporates the best practices to safely and
effectively perform UGRA (Burckett-St Laurent et al., 2014; Burckett-St Laurent et al., 2016;
Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014). Similarly, the findings support the
continued use of the AC and GRS in nurse anesthesia education.
Strengths and Limitations
Strengths
The first major strength of the study was the rigor of the methods to control extraneous
and confounding variables. Students were excluded from participation if they had prior UGRA
training. The study protocol was detailed and was followed precisely by the SI, members of the
research team, and participants to ensure consistency (see Data Collection Protocol: Appendix
B). The SI, members of the research team, and students participating in the study were the only
individuals in the simulation center during data collection, ensuring interactions with others
outside the study did not affect the results. The SI escorted participants to and from the
simulation center to ensure students in the study would not interact or share study-related
information during the data collection period.
Standardized instructions for all measurement tools (MRT-A, STAI Y1, and Y2) were
read to study participants by the SI (see Instruments: Appendix E). All participants viewed the
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same video-based UGRA lectures in similar conference rooms on the same size video monitors.
Student identity was obscured by scrub caps, masks, face shields, and no student identification
badge to support anonymity. Therefore, raters did not know who they were evaluating at either
of the two times they provided the students with UGRA performance feedback. The simulation
suites were set up the same for all participants during the study (see Simulation Suite Equipment,
Supplies, and Setup: Appendix I). The lab was timed so all participants received the same
amount of time to practice performing UGRA. The equipment in each simulation suite was
identical for the control and experiential groups except for the intervention in the experimental
group (see Intervention: Appendix G).
The feedback provided to the students during the UGRA was standardized, timely, and
objective from valid and reliable UGRA performance tools. After UGRA experts completed IRR
training for the AC and GRS to ensure student performance feedback was consistent and reliable,
the students received written performance feedback from UGRA experts twice during the lab.
The UGRA experts completed an AC and GRS performance tool halfway (10 minutes into the
lab) and at the conclusion of the 20-minute UGRA practice period. The feedback was collected
from the experts and given to the students for review immediately by the SI. At no time were the
identities of the UGRA experts disclosed to the students. The UGRA experts who assessed the
student UGRA videotaped performances did not know which students received the intervention,
and the videos were presented in a random nonrepeating order to support accurate performance
assessments, which were consistent and reliable.
The second major strength of the study was control of participant VA ability through
stratification and randomization of the students into experimental and control groups. Since
individuals with higher VA perform UGRA better and males tend to have 20% higher VA than
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females, VA needed to be controlled in the study (Peters et al., 1995; Shafqat et al., 2015). To
control for VA, all participants completed a redrawn Vandenberg and Kuse MRT-A and were
stratified and randomized into the control and experiential groups ensuring VA skill was evenly
distributed. Statistical analysis revealed no effect of gender on the performance measures (Table
6).
Limitations
The COVID-19 pandemic may have had impacted the study results. Initially, it was not
possible to execute the study due to state, county, and city restrictions placed on in-person
research to protect the safety and well-being of the research team and study participants. As more
was learned about COVID-19, SOPs were developed to outline safe practices for conducting
human subjects research to mitigate the research team and study participants’ risks of exposure
to COVID-19 (Appendix P). Guided by the SOP, 1 year into the pandemic, students traveled to
campus to participate in the study. The students were subjected to health screenings, maintained
social distancing, and donned full PPE prior to participating. However, it is unknown if the
pandemic had any effect on the participants’ baseline trait anxiety, which is a measure of anxiety
over long periods. It is also unknown if coming to campus considering the risks associated with
COVID-19 despite rigorous safety measures had any effect on students’ state anxiety. Further, it
is uncertain if students’ state anxiety was affected by wearing a mask and face shield during the
study, as students usually only wear scrub clothing, scrub cap, and gloves. Thus, it is uncertain
how or if multiple pandemic-associated events affected student state and trait anxiety during the
study.
Additionally, because of COVID-19 restrictions on the university laboratory use, it was
not feasible to retest the intervention effect on performance several hours after the immediate
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performance measures were taken. It is possible that an intervention effect was not found
because of the immediate performance timing. Winstein and Schmidt (1990) found examining
performance using an immediate motor skill retention test at the end of a practice session was a
poor predictor of skill retention and learning. Ideally, a repeated UGRA performance should
have been delayed by 24 hours, or at least 6 hours, to examine the differences in performance
gains over time, which was not logistically possible because of COVID-19 restrictions (Abe et
al., 2011; Kantak et al., 2010). Delayed motor skill performance at the end of practice lab better
gauges motor learning than immediate performance (Kantak & Winstein, 2012).
Recommendations
Based on the findings of the research study, nurse anesthesia educators should continue
the use of the AC and GRS in UGRA training. The AC and GRS were revalidated in this study to
be reliable UGRA performance measurement tools, as they provide feedback to students on the
critical nontechnical and technical skills to support UGRA safety in clinical practice.
Further research is warranted to investigate the effects of new technology in simulationbased experiential learning activities on learner anxiety, including strategies to desensitize and/or
familiarize students with new technology prior to measuring performance. While anxiety-causing
technostress has been studied extensively in other fields, such as computer science, business,
management, accounting, medicine, and social sciences, no research was found that examined
the effects of technostress in simulation-based education experiential learning activities or highfidelity task trainers (Salazar-Concha et al., 2021).
Future research might also include a biomarker of stress, such as salivary alpha-amylase
(sAA) to reflect sympathetic nervous system response to acute psychological stress and anxiety.
In nurse anesthesia students (15 male and 3 female) participating in an induction and intubation
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simulation, a 67% increase in sAA levels from mean baseline to post-simulation level was found
(McKay et al., 2010). Therefore, additional research using sAA may be warranted to validate and
correlate STAI Y1 sensitivity and specificity to measure acute stress following educational
interventions using experiential simulated learning activities that include high-tech task trainers.
Additionally, a follow-up study should be considered to examine the effects of
computerized electronic needle tip feedback on delayed repeat UGRA performance 24 hours
after the training lab. While the intervention in this study did not show an effect on immediate
performance, delaying the UGRA performance may help nurse anesthesia educators better
understand ways to improve UGRA motor skill retention and learning through better-designed
learning activities. Consequently, the effect of computerized electronic needle tip feedback on
clinical performance remains unknown.
Chapter Summary
The purpose of the study was to examine the effects of real-time computerized needle tip
location feedback on students’ state anxiety and immediate task performance during a simulated
UGRA training lab. This technological intervention did not decrease student anxiety or improve
UGRA performance. Unexpectedly, anxiety was not found to moderate UGRA performance.
However, findings may have been affected by conducting the study during a global pandemic.
The results of the study do not justify the cost of incorporating needle tip location feedback
technology into UGRA training labs. However, the results of the study do support the use of
validated and reliable assessment tools during UGRA training. The AC and GRS provide
students with consistent objective feedback performance that supports learning UGRA. These
tools also provide nurse anesthesia educators with a reliable way to determine if students have
learned the requisite skills to perform UGRA safely in clinical practice.
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Appendix A: Research Design Schema
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Appendix B: Data Collection Protocol
Safe Practices for Conducting Research
The health, safety, and well-being of the student investigator (SI), members of the
research team, and participants in the study are critical considering the COVID-19 pandemic.
Adhering to guidelines and protocols developed from recommendations by the Centers for
Disease Control support safe practices for conducting human research. The SOPs for Safe
Practices to Conduct Human Research of this study are based on SMU’s COVID-19
Compendium (see Standard Operating Procedures for Safe Practices to Conduct Human
Research: Appendix P).
Recruitment
•

Step 1: Following approval from the University of Nevada, Las Vegas (UNLV)
Institutional Review Board, students will be given a flyer by the SI before class begins in the
Basic Principles of Anesthesia II course. The flyer will describe the study, eligibility criteria,
approximate time commitment, and a statement that there is no compensation for
participating. Contact information for the SI and the principal investigator (PI) will be on the
flyer. At that time, potential participants will all receive a paper form asking to provide their
email contact information in writing (see Email Form: Appendix M), thus confirming that
they would like more information about the study.

•

Step 2: Students with prior UGRA experience will be excluded from the study. If the SI is
unable to recruit an adequate number of participants, the SI will recruit student volunteers in
their second semester of training from other nurse anesthesia programs that share a similar
plan of study to SMU that meet eligibility criteria.
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Informed Consent
•

Step 3: Potential participants will be informed that they will receive an email that same
evening with a Qualtrics link to the informed consent used to agree or deny their
willingness to participate in the study. Contact information for the SI and the PI will be
included. Students who have questions are instructed to email or call using the investigator's
contact information prior to consenting. Study participation is completely voluntary and
students will be informed there are no consequences for nonparticipation or withdrawing
from the study at any time. The recruitment email consent and Qualtrics link will be resent
3 days after the first sending to increase the likelihood of reaching the desired sample size.

•

Step 4: Upon completing informed consent, participants will be redirected and asked to
complete an anonymous Qualtrics participant demographic survey (see Demographic
Survey: Appendix C).
Data Collection Day 1: Visuospatial Assessment and Randomization

•

Step 5: Participants will complete the MRT-A to assess visuospatial ability on campus in a
large classroom adjacent to the HSSC the following Monday after informed consent. Before
administering the MRT-A, the SI will read instructions about the MRT-A as provided by
Peters and colleagues (1995). The MRT-A is a paper and pencil test that takes about 10
minutes to complete (Peters, et al., 1995; see Instruments: Appendix E).

•

Step 6: After completing the MRT-A, the investigator will stratify the participants into two
equal groups based on the median MRT-A score of all the study participants. Participants'
MRT-A scores above the median will be coded “1,” and those below the median will be
coded “0.”
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•

Step 7: Participants coded “0” will be randomized between experimental and control groups.
Participants coded “1” will be randomized between experimental and control groups.
Data Collection Days 2–4: UGRA Training Lab and Performance

•

Step 8: After randomization, sets of two participants, one in the experimental group and one
in the control group, will be scheduled to return at staggered nonoverlapping times to one of
two conference rooms in the HSSC on Wednesday through Friday. At that time, participants
will review the same UGRA training videos per protocol in separate conference rooms (1 and
2). The content of the UGRA training videos is based on joint recommendations of the
American Society of Regional Anesthesia and the European Society of Regional Anesthesia
and Pain Therapy for education and training of UGRA (Sites et al., 2010). The videos are
produced by the New York Society of Regional Anesthesia and are available to the general
public on YouTube.
•

“Physics of Ultrasound for Regional Anesthesia “(2016), which is 29 minutes
and 4 seconds. The video is available at
https://www.youtube.com/watch?v=VuFG6gJ3LBs

•

“Ultrasound-Guided Interscalene Brachial Plexus Block” (2013), which is 3
minutes and 55 seconds. The video is available at
https://www.youtube.com/watch?v=Zke6938Y1k4

•

Step 9: Immediately following the video-based lecture, participants will complete the STAIY (T1) to assess their state and trait anxiety (see Instruments: Appendix E). The STAI-Y is a
self-administered paper and pencil questionnaire consisting of two forms (Y1 and Y2) that
take approximately 12 minutes to complete (Spielberger et al., 1983).
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•

Step 10: After completing the STAI-Y, participants will be escorted by the SI into the
separate simulation suites (1 and 2) adjacent to the conference rooms. The SI will set a timer
for 20 minutes in each simulation suite. Participants in both groups will be instructed by the
SI that they will have 20 minutes to perform an IP UG-ISNB on the Simulab© Regional
Anesthesia Trainer with SmarTissue. All participants received in-person, observational,
written feedback at 10 minutes and again at 20 minutes into the training lab from the UGRA
experts utilizing both the AC and GRS performance tools (see Instruments: Appendix E).
•

The experimental group will also receive continuous real-time computerized
needle tip location feedback from the Simulab© Regional Anesthesia Trainer
with SmarTissue throughout the UGRA training lab, whereas the control
group will not (see Intervention: Appendix G). The participants will be blinded
to their assigned group (control versus experimental).

•

The simulation suites, supplies, and equipment will be identical (see Simulation
Suite Equipment, Supplies, and Setup: Appendix I). The equipment will include
an anesthesia machine and monitors, operating room bed, anesthesia medication
and supply cart, Simulab© Regional Anesthesia Trainer with SmarTissue,
Fujifilm© Sonosite™ SII ultrasound machine, and operating room side table. The
supplies that will be provided include exam gloves, ultrasound gel, and nerve
block needles.

•

Step 11: Immediately after finishing the 20-minute simulated UGRA training lab, all
participants will be escorted back by the SI to their original separate conference room to
complete the STAI form Y1 (T2) to assess state anxiety.
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•

Step 12: The equipment and supplies will be returned to the original locations found at the
beginning of the UGRA practice session (see Appendix I). The participants will be asked to
return to their simulation suite to perform a simulated IP UG-ISNB while being videotaped
without faculty or real-time computerized needle tip feedback from Simulab© Regional
Anesthesia Trainer with SmarTissue.

•

Step 13: Following the videotaped IP UG-ISNB performance, participants will be escorted
back to their respective conference rooms to complete the STAI form Y1 (T3) to assess state
anxiety. The data collection protocol will be repeated until minimum sample size
requirements are met for the study (see Appendix B).
•

The day after data collection is complete each participant in the control group will
be given an opportunity to perform UGRA for 20 minutes utilizing the Simulab©
Regional Anesthesia Trainer with SmarTissue with real-time needle location
feedback enabled.
Data Collection Days 5 and 6: Performance Assessment

•

Step 14: Two experts will assess all of the participants’ simulated UGRA performances
on video. The expert evaluators will be blinded to the participants’ group assignments
and the order in which the participants' performances were videotaped, making them
unaware of which participants received the intervention during the UGRA training lab.
After interrater reliability (IRR) training, each video will be independently assessed using
the AC and GRS by each expert. The assessments using the AC and GRS of each
participant’s videotaped IP UG-ISNB performance should take about 5 minutes on
average to complete (Wong et al., 2014). After all video performances have been scored,
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participants will receive UGRA clinical practice expert written feedback of their
videotaped performance from the SI by email.
Interrater Reliability Training
•

One day prior to the start of data collection, the UGRA faculty experts providing participants
with feedback during the practice session, and UGRA clinical practice experts assessing student
UGRA performance videos will receive IRR training for the AC and GRS measurement tools by
the SI. Training will include an assessment of sample simulated IP UG-ISNB completed by
licenses anesthesia providers. The experts will be blinded to the UGRA experience of the license
providers in the sample videos. After each video, scores from the AC and GRS will be tallied,
shared, and discussed as in prior studies using the same tools until IRR combined scores are at
least .80 (Chuan et al., 2015; Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014),
although scores of .90 are preferred to reduce performance assessment error (Gray et al., 2016).
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Appendix C: Participant Demographic Survey
The survey will be converted into a Qualtrics numerical format.
1. What is your gender?
a. Female or Male
2. What is your age (in years and months)?
3. What is your race or ethnicity as defined by the National Institutes of Health?
a. American Indian or Alaska Native: A person having origins in any of the original
peoples of North and South America (including Central America) and who
maintains tribal affiliation or community attachment.
b. Asian: A person having origins in any of the original peoples of the Far East,
Southeast Asia, or the Indian subcontinent, including, for example, Cambodia,
China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand,
and Vietnam.
c. Black or African American: A person having origins in any of the Black racial
groups of Africa.
d. Hispanic or Latino: A person of Cuban, Mexican, Puerto Rican, Cuban, South or
Central American, or other Spanish culture or origin, regardless of race.
e. Native Hawaiian or Other Pacific Islander: A person having origins in any of the
original peoples of Hawaii, Guam, Samoa, or other Pacific Islands.
f. White: A person having origins in any of the original peoples of Europe, the
Middle East, or North Africa.
4. How many years of experience do you have in nursing (in years and months)?
5. How many years of experience do you have in critical care nursing (in years and
months)?
a. Critical care nursing is defined as a unit within which a registered nurse uses
assessment, psychomotor skills, and critical decision-making to care for unstable
patients with invasive hemodynamic monitors (e.g., pulmonary artery, central
venous pressure, and arterial catheters), cardiac assist devices, mechanical
ventilation, and vasoactive infusions (Council on Accreditation of Nurse
Anesthesia Programs, 2019, p. 30).
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Appendix D: Theoretical Framework and Conceptual Model
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Appendix E: Instruments
Mental Rotations Test-A
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Note: MRT-A test cannot be republished per agreement with authors due to decreased sensitivity
to assess VA after repeat exposures. The authors only allow republication of the test instructions
for the purpose of dissertations. For permission to use MRT-A please contact the author.
Michael Peters, PhD, University Professor Emeritus
Neuroscience and Applied Cognitive Sciences
University of Guelph, Guelph, Ontario, Canada
mpeters@uoguelph.ca
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State-Trait Anxiety Inventory Form Y1 and Y2
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Assessment Checklist (Cheung et al., 2012)
Participant’s study reference:
Tasks

Not performed
0

Proper positioning of patient
Correct placement of ultrasound machine relative
to patient to allow easy visualization of both
Correct choice of transducer
Correct depth, gain, and focal zone choices
Holds probe correctly (three fingers holding the
probe and one finger touching the patient)
Knowledge or conformation of screen orientation
(i.e., which side of probe corresponds to which
side of screen)
Scanning of anatomy and proper identification of
target
Use of Doppler to rule out vascular structures (if
applicable)
Appropriate needle alignment
Maintenance of needle tip image during
advancement of needle
Efficiency of regaining needle tip position image
(PART Maneuver)

Recognition of proper nerve stimulation at
appropriate levels (if nerve stimulation used)
Ensure that current is not <0.2 mA (if nerve
stimulation is used)
Ask for initial aspiration to rule out
intravascular injection
Visualization of needle tip before injection
Ask for 1-2 ml initial injection to rule out
intraneural and intravascular injection
Ask patient or at least look for signs of
pain/discomfort
Ask for proper aspiration every 5 ml
incremental injection
Recognition of proper needle tip position
Recognition of proper needle tip adjustments
Assessment of ease of injection (high
pressure)
Recognition of correct local anesthetic
spread relative to nerve
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Performed poorly
1

Performed Well
2

Global Rating Scale (Cheung et al., 2012)
Item
Preparation for
procedure (e.g.,
monitors,
intravenous access,
ultrasound machine)
Patient interaction

Asepsis (e.g., use of
sterile gloves,
proper patient
draping, probe
sterility, cleansing
of skin before
infiltration, use of
op site)
Respect for tissue

Time and motion

Instrument handling

1
Did not organize the
equipment well. Has to
stop procedure
frequently to prepare
equipment
Little to no rapport
established; patient is
unaware of procedures.
No sedation is provided.

2

Score
3
Equipment generally
organized. Occasionally
has to stop and prepare
items
Rapport is generally
established; patient is
aware and informed of
most procedures. Patient
anxiety is alleviated
adequately with sedative

Practice of proper
aseptic technique not
generally apparent.
Many errors in aseptic
technique made
throughout the
procedure

Generally, practices
proper aseptic technique.
Occasional errors in
aseptic technique

Frequent uses
unnecessary force on
tissue or causes damage
Many unnecessary
movements

Carefully handles tissue
but occasionally causes
unintentional damage
Efficient time/motion but
some unnecessary
movements
Competent with
instruments but
occasionally makes
awkward or stiff
movements
Demonstrates some
forward planning with
reasonable progression of
procedure

Repeatedly makes
tentative and awkward
movements

Flow of procedure

Frequent stops
procedure and seems
unsure of next move

Knowledge of
procedure

Deficient knowledge

Knows all the important
steps of the procedure

Very poor

Competent

Overall performance
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4

5
All equipment neatly
organized, prepared, and
ready for use

Strong rapport is
established and
maintained throughout
procedure. Patient is
well informed of all
relevant procedures.
Patient anxiety
alleviated through
sedation and verbal
comforting
Excellent demonstration
of proper aseptic
technique. Few or no
errors in aseptic
technique made during
procedure

Consistently handles
tissues appropriately
with minimal damage
Clear economy of
movements. Maximum
efficiency
Fluid movements with
instruments and no
awkwardness

Obviously planned
course of procedures
with effortless flow
from one move to the
next
Demonstrates
familiarity with all
aspects of procedure
Clearly Superior

Appendix F: Instrument Use Table

Instruments

# of Items

Redrawn
Vandenberg and
Kuse Mental
Rotations TestA
State-Trait
Anxiety
Inventory Forms
Y1 and Y2

24 items

Completion
Time
10 minutes

40 items

12 minutes

Assessment
Checklist
Global Rating
Scale

22 items

4 minutes 30
seconds to
complete both
assessment tools

8 items

Instrument
Administration
After consent to
participate in the
study.

Timing

Form Y1 and Y2
after video-based
didactic activity
(T1), form Y1
immediately
after simulated
UGRA training
lab (T2) and
form Y1 after
videotaped
simulated
UGRA (T3).
UGRA Faculty
experts will
provide written
feedback after 10
and 20 minutes
have elapsed
during the
training lab.

Days 2–4

UGRA clinical
practice experts
will provide
written feedback
after reviewing
videotaped
simulated
UGRA of all
participants.
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Day 1

From UGRA
faculty experts
on Days 2–4
and UGRA
clinical
practice
experts on
Days 5 and 6.

Appendix G: Intervention
Simulab© Regional Anesthesia Trainer with SmarTissue will be used to simulate UGISNB (Figure 1). The Simulab© Regional Anesthesia Trainer with SmarTissue has ultrasound
sensitive anatomy, including relevant brachial plexus nerve bundle (C5, C6, and C7 nerves),
palpable clavicle, and interscalene groove, pulsatile carotid artery, internal jugular vein, and
muscular anatomy (sternocleidomastoid, anterior and middle scalene muscles). The
SmartTissue™ and its associated software utilize a laptop computer to interpret locationsensitive data generated by the needle tip. When the needle tip comes into contact with the
brachial plexus nerve sheaths for C5, C6, or C7, the appropriate nerve illuminates orange
(correct needle tip location for ISBN) on the computer screen (Figure 2). The nerve will
illuminate red (incorrect position of needle tip for ISNB) on the computer screen when
advancing the needle through the nerve sheath into the nerve (Figure 3).
Simulated backflow of venous (blue) or arterial (red) into the needle and catheter occurs
if the needle accesses any vascular structures (i.e., internal jugular vein or carotid artery). The
real-time computerized needle tip feedback will be provided to the learner in real-time and
correlates to simultaneous ultrasound imaging of the needle. The real-time computerized needle
tip feedback can be turned on or off during the UGRA training. The experimental group
received continuous real-time computerized needle tip location feedback from the
Simulab© Regional Anesthesia Trainer with SmarTissue throughout the UGRA training
lab, whereas the control group did not.
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Figure 1
Simulab© Regional Anesthesia Trainer with SmarTissue

Figure 2
Simulab© Regional Anesthesia Trainer with SmarTissue Indicating Correct Needle Placement

Figure 3
Simulab© Regional Anesthesia Trainer with SmarTissue Indicating Incorrect Needle
Placement
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Appendix H: Power Analysis Table for Statistical Tests

Hypothesis

Independent
Variable

Dependent
Variable(s)

H1. Students who
receive real-time
computerized needle tip
location feedback during
a simulated UGRA
training lab will
experience decreased
state anxiety at T2 and
T3 from T1 compared to
the control group when
controlling for the
covariates (trait anxiety,
nursing experience,
CCNE, and MRT-A
score) at T1.
Study group
membership (1=
experimental group and
0 = control group) and a
between-subject factor.
Categorical variable
(dichotomous).
Time (T1 = baseline, T2
= after simulated UGRA
training lab, and T3 =
after simulated UGRA
performance).
Categorical variable
(ordinal).
State anxiety as
measured by the STAI
form Y1 (continuous
variable).

H2. Students in the
experimental group
receiving real-time
computerized needle
location feedback
during a simulated
UGRA training lab,
immediately perform
better on the AC and
GRS compared to
students in the control
group when
controlling for VA
(MRT-A).

H3. The student anxiety
scores (STAI Y1) at T2
mediate the effect of the
intervention on the
performance scores when
controlling for VA (MRTA).

Real-time computerized needle tip location
feedback between groups. Categorical variable
(dichotomous).

UGRA performance as measured by AC (interval
variable).
UGRA performance as measured by the GRS
(interval variable).

77

Covariate(s)

Estimated
Effect Size
Pearson r (r)
Cohen’s d
(d)
Statistic Test

Power
Analysis

Trait anxiety as
measured by the STAI
form Y2 (continuous
variable) at T1, CCNE
as measured by
demographic survey
(continuous variable),
and VA as measured by
MRT-A (continuous
scale).

VA as measured by
MRT-A (covariate,
continuous scale),
state anxiety as
measured by the STAI
form Y1, (continuous
variable) at T2, CCNE
as measured by
demographic survey
(continuous variable),
and gender
(categorical, nominal
variable).

State anxiety as measured
by the STAI form Y1 at
T2 (mediating variable,
continuous scale), VA as
measured by MRT-A
(continuous scale), and
CCNE as measured by
demographic survey
(continuous variable).

Independent samples ttest and mixed
regression model

Independent samples
t-test, Pearson’s
correlation, and
multivariate multiple
regression test
f 2 = 0.40–0.25
α = .05
Power =.80
N = 28–42

Structural equation
modeling, path analysis

f 2 = 0.31
α = .05
Power = .80
N = 18–20
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No literature supporting
calculation of effect size.

Appendix I: Simulation Suite Equipment, Supplies, and Setup
•
•
•
•
•
•
•

Equipment
Anesthesia machine and monitors
Operating room bed
Anesthesia medication and supply cart
Simulab© Regional Anesthesia Trainer with SmarTissue
Fujifilm Sonosite SII ultrasound machine
Operating room side table
Laptop computer
Supplies

•
•
•

Gloves (small, medium, and large)
Ultrasound gel (stored on ultrasound machine cart)
Nerve block needles (stored on ultrasound machine cart)
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Simulation Suite UGRA Training Lab Setup
Suite 1

Suite 2

80

Simulation Suite Performance Session Setup
Suite 1

Suite 2
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submitted Informed Consent/Assent forms and recruitment materials. The official versions of these
forms are indicated by footer which contains approval and expiration dates.
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Should there be any change to the protocol, it will be necessary to submit a Modification Form through
ORI - Human Subjects. No changes may be made to the existing protocol until modifications have been
approved.
ALL UNANTICIPATED PROBLEMS involving risk to subjects or others and SERIOUS and UNEXPECTED
adverse events must be reported promptly to this office. Please use the appropriate reporting forms
for this procedure. All FDA and sponsor reporting requirements should also be followed.
All NONCOMPLIANCE issues or COMPLAINTS regarding this protocol must be reported promptly to this
office.
This protocol has been determined to be a MINIMAL RISK protocol. All approvals from appropriate
UNLV offices regarding this research must be obtained prior to initiation of this study (e.g., IBC, COI,
Export Control, OSP, Radiation Safety, Clinical Trials Office, etc.).
If you have questions, please contact the Office of Research Integrity - Human Subjects at
IRB@unlv.edu or call 702-895-2794. Please include your protocol title and IRBNet ID in all
correspondence.
Office of Research Integrity - Human Subjects
4505 Maryland Parkway
Box 451047 Las Vegas, Nevada 89154-1047
(702) 895-2794 FAX: (702) 895-0805 IRB@unlv.edu
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Appendix K: SMU Facility Authorization Letter

84

Appendix L: Study Flyer
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Appendix M: Email Form

I am interested in the research study that will examine the of effects feedback on anxiety and
performance of a simulated ultrasound-guided regional anesthesia. I want the student
investigator, Joseph Janakes to send an email to me with additional information about the study
including informed consent to review.

PRINT NAME

SIGNATURE

EMAIL ADDRESS
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Appendix N: Informed Consent Email
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Appendix O: Informed Consent

INFORMED CONSENT
School of Nursing
TITLE OF STUDY: The Effects of Real-Time Computerized Needle Tip Location Feedback
on State Anxiety and Immediate Performance of a Simulated Ultrasound-Guided Regional
Anesthesia
INVESTIGATOR(S):
Student Investigator (SI)
Joseph J. Janakes CRNA, MSN
Ph.D. Candidate
School of Nursing
University of Nevada, Las Vegas
3100 Telegraph Avenue
Suite 347
Oakland, CA 94609
510-879-9269
janakes@unlv.nevada.edu

Principal Investigator (PI)
Rebecca D. Benfield CNM, PhD
Associate Professor
School of Nursing
University of Nevada, Las Vegas
4505 S. Maryland Parkway
Box 453018
Las Vegas, Nevada 89154-3018
702-530-4383
rebecca.benfield@unlv.edu

For questions or concerns about the study, you may contact Joseph Janakes at 510-879-9269 or
janakes@unlv.nevada.edu
For questions regarding the rights of research subjects, any complaints or comments regarding
the manner in which the study is being conducted, contact the UNLV Office of Research
Integrity – Human Subjects at 702-895-2794, toll-free at 888-581-2794, or via email at
IRB@unlv.edu.
It is unknown as to the level of risk of transmission of COVID-19 if you decide to participate in
this research study. The research activities will utilize accepted guidance standards for
mitigating the risks of COVID-19 transmission: however, the chance of transmission cannot be
eliminated.
Purpose of the Study
The purpose of the study is to examine the effects of real-time computerized needle tip location
feedback on state anxiety and immediate performance of a simulated ultrasound-guided regional
anesthesia (UGRA).
Participants
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You are being asked to participate in the study because you are a student currently enrolled in the
Basic Principles of Anesthesia II. In this course, you learn to administer UGRA but have no prior
UGRA training or experience.
Procedures
As a participant, you will take several pencil and paper tests that measure your hand-eye
coordination and anxiety levels. You will be randomly assigned to a group that has real-time
computerized needle tip location feedback or to a group that does not receive this type of
feedback. You will review UGRA skill videos then practice the UGRA techniques on a
simulated trainer in the Health Sciences Simulation Center at Samuel Merritt University in
Oakland, California. Individual written performance feedback will be provided from faculty
anesthesia experts during the practice session. You will then be asked to perform a videotaped
simulated UGRA and will receive individual encrypted written feedback on your performance
from the SI via the email address you provide. You are expected to not disclose anything about
the study to any other participants until after you receive your performance feedback from the SI.
Benefits of Participation
There may be indirect benefits to you as a participant in this study. These include but are not
limited to the repetition of UGRA instruction, practice, and feedback. Your participation may
benefit nurse anesthesia educators and future students by providing a better understanding of the
effect of different types of feedback on student UGRA performance during training.
Risks of Participation
The risk of participation is no greater than the normal risk for this simulated training in this
educational program. This simulated training normally has risks for inadvertently sticking
yourself with a clean blunt nerve block needle. Additionally, you may feel somewhat anxious
about learning a new skill.
COVID-19 safety mitigation measures that comply with those of the educational institution are
in place to protect participants and the researcher. These measures include but are not limited to:
All members of the research team and study participants will be screened and monitored for
COVID-19 before and during all in-person study-related activities.
Maintenance of social distance of six feet or greater during all in-person study-related activities.
Personal protective equipment will be provided and required for all in-person study-related
activities.
Space accommodations have been implemented to support social distancing.
Centers for Disease Control guidelines and recommendations from the simulation community are
in place to sanitize all study-related space and equipment.
What happens if I am injured or harmed in some way by the study?
The SI will be present for all parts of the simulation. There is a basic first kit available for
immediate use if needed. The SI is an advanced practice nurse with education and training in
intensive care nursing, including managing needle stick injuries.
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If you are injured as a result of your participation in this study, please seek medical care in the
usual manner. Samuel Merritt University has not set aside money to pay the costs for such care.
Costs would be charged to you or your insurance company (if you have insurance).
Because this is a research study, some health insurance plans may not pay for the costs of a
study-related injury (an injury that is caused by your participation in the study-not an injury that
occurs in the normal course of your training). Any costs not paid by your insurance company
will be your responsibility. Please ask the study team if you would like to know more about
payment for research-related injuries. You do not give up your legal rights by signing this form.
Cost /Compensation
There will be no financial cost to you to participate in this study. The study will take
approximately 2 hours of your time, thereby approximating the normal laboratory time in your
standard program of study needed to learn the UGRA information and skills. The study will
occur over a period of 3 days. You will receive appointment dates and times for participation via
encrypted email. You not be monetarily compensated but will have the opportunity to experience
real-time computerized needle tip location feedback after the collection of study data is
complete.

Confidentiality
Your email contact information will be kept confidential, and your name will be linked with a
coded number and kept on a secure UNLV Google server only accessible to the SI and PI. No
reference will be made in written or oral materials that could individually link you to this study.
All paper copies of coded questionnaires and written feedback will be initially stored in a locked
file cabinet, in a locked office accessible only by the SI, then scanned and electronically stored
on a password-protected secure UNLV shared drive within one week of the completion of the
study. After paper data is stored on the UNLV secure drive, it will be securely shredded
immediately. Video recordings of your participation in the study will be coded to maintain your
confidentiality. The videos will be encrypted, uploaded, and securely stored on a UNLV shared
drive that is only accessible to the SI and PI. After the video is uploaded to the secure UNLV
shared drive, the video will be deleted from the local server at SMU. Only the researchers listed
on this consent will have access to these documents and electronic media. All study-related data
will be stored on a secure UNLV shared drive for 3 years after the completion of the study and
then destroyed.
Expert anesthesia faculty that are giving you feedback are committed to keeping this feedback
confidential and private in keeping with the requirements of research ethics.
Voluntary Participation
Your participation in this study is completely voluntary. You may withdraw from the study at
any time without prejudice by your faculty. Your course grade is in no way affected by your
participation in or denial to participate in the study. You are encouraged to ask questions about
this study at any time.

90

Participant Consent:
I have read the above information and agree to participate in this project. I have been able to ask
questions about the research project. I am at least 18 years of age. An electronic copy of this
form has been given to me.

Signature of Participant

Date

Participant Name (Please Print)
In lieu of signing a paper-based Informed Consent, please click one of the following:

□ I have read the above information and agree to participate in this study. I have been able to
ask questions about the research study. I am at least 18 years of age. A copy of this form has
been given to me through email.

□ I do NOT agree to participate in the research study.
Video/Audio Recording:
I agree to be video/audio recorded during the UGRA performance for the purpose of this
research study.

Signature of Participant

Date

Participant Name (Please Print)
In lieu of signing a paper-based Informed Consent, please click one of the following:

□ I have read the above information and agree to video/audio taping. I have been able to ask
questions about video/audio recording. I am at least 18 years of age. A copy of this form has
been given to me through email.

□ I do NOT agree to participate in the video/audio recording.

A copy of the informed consent will be sent to the email that you type in the window below:
After completing the informed consent, you will be redirected to an anonymous study-related
demographics survey.
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Appendix P: Standard Operating Procedures for Safe Practices to Conduct Human
Research
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